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INHERITANCE OF FERTILITY IN SWINE! 


[PRELIMINARY PAPER] 


By Epwarp N. Wentworth, Professor of Animal Breeding, and C. E. AuBEL, Fellow 
in Animal Breeding, Kansas Agricultural Experiment Station 


INTRODUCTION 


Mendelian inheritance applies almost without exception to the trans- 
mission of qualitative characters. Quantitative traits, on the other hand, 
are susceptible only to a generalized treatment from this viewpoint, and 
few investigators have attacked the problem. Size inheritance in animals 
has been dealt with by Castle and Phillips (2)?, Goldschmidt (7), Mac- 
Dowell (10), Phillips (19, 20), and Punnett and Bailey (21), while Detlefsen 
(3) has treated the inheritance of certain skeletal characters. Pearl, 
(15) discovered an arbitrary division point of 30 eggs in the winter laying 
period of hens, for which inheritance apparently depends on two factors, 
one of which follows an ordinary Mendelian, and the other a sex-linked 
scheme. These determiners provide the nearest to units of inheritance 
that have yet been isolated in quantitative studies. 

Because of the fact that fecundity deviates only by discrete units, the 
litter size in swine provides peculiarly favorable material for studying 
quantitative inheritance. An analysis of this material has already been 
attempted from the biometric viewpoint. Rommel and Phillips (24) 
correlated the size of litters in which dams and daughters Were farrowed 
and found a correlation coefficient of 0.0601+0.0086. They conclude 
from this result that there is an actual positive correlation between the 
size of litters of two successive generations, believing that size of litter is a 
charactertransmitted from mothertodaughter. They recognize the small- 
ness of the coefficient, but believe the indications of inheritance are large 
enough to provide a basis for selection. In studying fertility inheritance 
Pearson and Lee (18) obtained practically similar coefficients with the 
human race and the thoroughbred horse. The range of correlation was 
0.0418 to 0.213; hence, they conclude that fertility is certainly and 
markedly inherited. 





1 Paper No. 1 from the Laboratory of Animal Technology, Kansas Experiment Station. 
2 Reference is made by number to “ Literature cited,”’ p. 1159-1160. 
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Rommel and Phillips (24) studied the inheritance only through the 
female line, taking no account of a possible influence of the male. George 
(6) correlated the size of litter with that of the paternal and maternal 
grandams, respectively. Only 296 litters were involved in his popula- 
tions; hence, his probable errors were large. But in the dam and 
daughter comparisons he approximated very closely the result obtained 
by Rommel and Phillips. His four coefficients follow: 

Daughter and dam 0. O615-F0. 0390 
Dam and grandam - 1147+ . 0343 
Daughter and maternal grandam .0025-+ . 0392 
Daughter and paternal grandam. .................005. . 0508+ . 0392 

None of these correlations are three times as large as their probable 
error; hence, none are really significant. . 

Simpson (25) approached the problem from a Mendelian standpoint 
by crossing a wild German Schwarzwald boar to a young Tamworth 
sow. ‘The Schwarzwald normally averages 4 pigs to the litter, the Tam- 
worth about 11. The particular sow used was farrowed in a litter of 12 
pigs, and to the stint of the wild boar farrowed 9 pigs. In the F, genera- 
tion three females were bred, one to a litter mate and the other two 
to sires unnamed. The first sow produced 4 pigs, the others 4 and 6, 
respectively, all in their first litters. The sow producing the 6-pig 
brood was later served by a pure Schwarzwald boar and farrowed 7 
pigs, being apparently constant for that degree of fertility. One of the 
sows from the brood of 6 gave birth to 12 pigs when mated to a pure Tam- 
worth male. ‘The evidence for a segregation of fecundity factors seems 
fairly clear, although the numbers are small. 


NONGENETIC FACTORS AFFECTING FERTILITY 


External factors play a great part in the realization of the inborn hered- 
itary capacity for reproduction. Marshall (12, 13) discusses at length 
the relation between season and productivity, while the sterility of wild 
animals in captivity or of domestic animals transferred to vastly different 
altitudes is proverbial. Marshall and Evvard (4, 5) have both studied 
the effect of “flushing” in sheep, and Evvard has conducted some very 
exhaustive investigations into the relation of the various compounds of 
nutrition to litter size in swine. Using the rate of gain at breeding time 
in gilts ' as an indication of the state of nutrition, Evvard has found as 
much as an average difference of two pigs per litter in favor of the best 
gainers in each experimental lot, when compared with the poorest gainers. 
Protein added to a nitrogen-deficient ration (corn alone) produced a 
marked rise in the fertility of gilts and a medium rise in the fertility of 
older sows. 

Many stockmen believe that overfatness diminishes fecundity. There 
may be both a physical obstruction of the reproductive organs due to 





1 A gilt is a young sow intended for breeding purposes. The term is usually applied only until the first 
litter is produced, although it is sometimes extended throughout the suckling period. 
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fat and an adipose degeneration of the sex glands. Whether these are 
really causes of decreased fertility is doubtful, since the best evidence 
shows them to be symptoms of reproductive derangement. 

Overfatness occurs frequently as a result of disturbances in the metab- 
olism, due to loss of secretion from several of the ductless glands, the 
sex gland being here included. Castrating or spaying are known to pro- 
mote obesity; hence, it is quite reasonable to assume that if testicular or 
ovarian derangement first occurs, then fat deposition will follow. Over- 
fatness would thus merely indicate and not initiate reduced fecundity. 

Market hog raisers usually believe that pure-bred hogs are deteriorating 
in prolificacy, in line with the common idea that inbreeding ultimately 
results in barrenness. Bitting, in 1898 (1), investigated the average 
size of the first 200 litters and the last 200 litters recorded at that time 
in the herdbooks of the Berkshire, Ohio Poland-China, Standard Poland- 
China, and Improved Chester White registry associations and found 
that during the period in which registration had taken place the Berk- 
shires had decreased 0.19 pig per litter, the Poland-China had increased 
0.225 pig, and the Chester White had increased 0.1 pig. Rommel (22 
investigated the same point for a period of 20 years in books of the Ameri- 
can and Ohio Poland-China associations, comparing the average size 
of litter for the first 5 years with the average for the last 5. The in- 
crease was 0.62 pig per litter among the American Poland-Chinas and 
0.43 pig per litter in the Ohio strain. A similar study by Rommel (22 
on the Duroc-Jersey covering over 15 years showed an increase of 0.57 
pig. The changes which have occurred here are manifestly opposed to 
the idea that purity of blood lines diminishes fertility. On the other hand, 
the purity of blood can not be credited with the increase, since a constant 
selection for large litters has taken place, although an increased homo- 
zygosis for prolificacy might come about gradually with years of such 
mass selection as ordinary stock breeding involves. 

Hammond (8) has shown that ova may be lost either before or after 
fertilization; and, still more important, he has discovered that a relatively 
high percentage may atrophy during the earlier stages of embryonic 
growth. Lewis (9) indicated that there may be morphological interfer- 
ences with reproduction, so that fertility may be decreased. He found 
that the sperm cells of the boar are practically all dead after being in 
the uterus for 48 hours, which would, of course, result in a reduced 
fertility. Lewis’s results on the viability of sperm differ from those of 
Diihrssen (11), who observed living sperms in the Fallopian tubes of a 
woman patient three weeks after copulation had taken place. The 
importance of this question is probably confined to individual cases. 

Certain relatively extraneous characters are popularly supposed to be 
correlated with high fertility. Many farmers believe that “big type” 
or “cold blooded” hogs farrow larger litters than ‘‘hot blooded,” or 
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that ‘‘Spotted Poland-Chinas”’ are far more fecund than ordinary strains. 
Swine judges commonly consider long-bodied sows more prolific than 
their chubbier mates. A comparison of 1,000 litters of ‘large type” 
Poland-Chinas with 1,100 litters of “small type” showed no significant 
difference in fertility. The mean for the ‘large type” was 7.854+0.0456, 
and for the “small type” was 7.896+0.0436. Furthermore, the stand- 
ard deviation of the two groups was almost exactly the same, being 
2.142 +0.0323 for the former and 2.146+0.0309 for the latter. The 
writers have never seen more than isolated instances brought forward 
to confirm the popular ideas on this subject and feel that the bulk of 
such beliefs have resulted from mere advertising schemes. 

Breed certainly has its influence. Bitting (1) has averaged the litter 
sizes for 400 Berkshires, 1,086 Poland-Chinas, and 600 Chester Whites, 
with the following results: 

PRUs oy nhs sa inten sso alle icaies waren ee es 8. 22 pigs per litter. 
ND ois 5s warevemies wo Sage aweenen Kens 7. 45 pigs per litter. 
Re eR iis caisetivaon eo asee ias cere 8. 96 pigs per litter. 


Surface (26) computed the means and standard deviations in the 54,515 


litters of Poland-Chinas and the 21,652 litters of Duroc-Jerseys studied 
by Rommel (22). His constants follow: 


Mean. Standard deviation. 
OIA oo oie os Soianise ovies oon Pa ageeOvOr 2. 038-0. O13 
HIRO 65 okies aerate ene se 9. 3372e . O21 2. 427-- . 016 


The large numbers here involved undoubtedly prove that real breed 
differences in fertility exist. 

Pearl (15, 16) found the number of mamme to be correlated positively 
with the number at a birth when different species are compared, but the 
coefficient is very low within the species. Parker and Bullard (14) 
correlated the same characters in 1,000 litters of swine and obtained a 
coefficient of 0.0035+0.0124. The senior author! treated the same 
point in 170 litters of which he had made genetic studies and obtained a 
coefficient of —0.0059+0.0517. 

These figures certainly demonstrate that the number of mamme in 
swine is not related to fertility; in fact, nothing so far discussed presents 
reliable external characters on which fertility selections can be made. 
Apparently fecundity has as profound a genetic as physiologic basis. 


VALUE OF HERDBOOK DATA 


There is now on record an immense mass of data relating to fertility 
inheritance in swine, in the volumes of the different breed registry asso- 
ciations. In addition to the name and number of the animal, its parents, 
breeder, etc., the size of litter in which it was farrowed is usually stated. 








\ Unpublished data. 
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This furnishes opportunity to link together any desired number of 
generations. 

In treating such data, the degree of confidence which can be placed in 
the figure for litter size must be considered. Its accuracy depends on the 
carefulness and honesty of the breeder, the accuracy of the clerks in the 
registry office, and the freedom from typographical errors in the printing 
of the volume. The matter of personal integrity can be accepted to a 
high degree, for fortunately the majority of breeders are quite reliable. 
Whenever falsification wittingly occurs, the tendency is to raise the 
number per litter; but, owing to the publicity involved in pure-bred 
breeding as well as the personality invested in breeding animals due to 
the registry systems, it is doubtful if litter sizes are ever exaggerated by 
more than one or two pigs. 

Investigations in color discrepancies, mistakes in parentage, etc., have 
shown that about 2 per cent of errors are involved in the work of registry- 
office clerks and in printing. Some associations are more careful than 
others, but, of course, none are absolutely free from errors. Unfortu- 
nately swine books show a relatively greater number of mistakes than 
do those published by breeders of some of the other classes of live stock. 

However, assuming, as has been done, that the bulk of the records can 
be accepted, there still remains a question as to their genetic value. It 
is doubtful whether a sow will ever exceed her hereditary possibilities in 
number per litter, but there are many forces that may cause her to fall 
short of that number. Lack of proper nutrition, failure to have all ova 
released or fertilized, loss of ova, atrophy of fertilized ova or embryos, 
and disease may all operate against the complete realization of the 
hereditary make-up. The age at which a sow farrows, the number of 
litters she has per year, and certain other environmental conditions may 
also reduce the litter size. It is interesting to observe that this source of 
error operates in a compensating direction to that of record falsification, 
when such exists, and in the end the two may counterbalance, although 
these physiological and pathological factors operate more often than 
does the misrepresentation of litter numbers. 

After admitting all of these sources of error, but hoping that enough 
records are made under natural conditions to give the figures an investi- 
gational value, there still remains the big question of the geneticist, Does 
the somatic expression of the character indicate the germinal (zygotic) 
condition of the individual? In other words, Does the fact that a pig 
is farrowed in a litter of eight indicate that it will transmit a tendency to 
produce litters of eight? The answer very evidently is No, and the 
greater the degree of outcrossing in the ancestral lines, the less reliable 
an index of heredity the size of litter is. Yet it is the only single index 
obtainable in the study of herdbook records; so for the present it will 
have to be accepted for what it is worth. 
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ADVANTAGES OF LITTER SIZE INHERITANCE STUDIES 


Accepting the figures for litter size as reasonably representative of 
the hereditary constitution, there are a number of reasons that make 
them desirable material for inheritance studies. The most important of 
these is the fact that the male mated to a female probably does not affect 
the number at a birth. Instead the size of litters a sow produces repre- 
sents the segregation of the tendencies transmitted to her by her father 
and mother. Suppose a sow produces a litter of four pigs and is herself 
from a litter of seven, the seven does not determine in any way the four, 
but instead the segregation of some tendency transmitted by her sire or 
dam is represented. The only check available on this tendency in her 
sire is the size of litter in which he was farrowed, while the same holds for 
the dam, except that her own breeding performance may give an addi- 
tional idea. 

METHOD OF RECORDING THE DATA 


The data on the animals studied were recorded as follows, the figures 
representing the size of litters in which the individuals were farrowed: 


Grandsire 

Animal Dam 4 
4 7 Grandam 

9 


The size of litters produced by sows whose sires came from litters 
of four and whose dams came from litters of seven should give an idea 
(through the variations recorded) of the hereditary factors involved. 
It is admissible that all grandams or all grandsires farrowed in the same 
size of litters may be different in hereditary make-up, but there should 
be enough individuals alike to make the frequency curves at least sug- . 
gestive. For convenience, the grandparental generation will be let- 
tered ‘‘P,”’ the parental generation ‘‘F,,”’ and the filial generation ‘‘F,,” 
although it is clearly to be understood that this notation does not have 
the regular Mendelian significance. 


DEVIATIONS PER GENERATION 


The mean size of 1,770 litters in the P generation was 7.84+0.3494. 
The standard deviation was 2.18+0.2461. This gives a coefficient of 
variability of 27.80 for this generation. 

The mean size of 885 litters for the F, generation was 7.82 +0.4897. 
The corresponding standard deviation was 2.16+0.3462. The coeffi- 
cient of variability here involved was 27.60, practically the same as that 
of the grandparental generation. 

The mean size of 885 litters in the F, generation was 7.91+0.4965, 
while the deviation was 2.19+0.3511, giving a coefficient of variability 
of 27.55. (See Table I.) 
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TABLE I.—Deviation in size of litters in swine 

















. ais Number of | ss Standard devia- | Coefficient of 

Generation. litters. | Mean. tion. variability. 
Poivcxwackearceriatraournaks 1,770} 7.84+0.3494] 2. 18+0. 2461 27. 80 
Me un utreciestinescanecny eee 885 | 7.82+ .4897 | 2.164 . 3462 27. 60 
| (ROT oe ere rer | 885 | 7.91% .4965 | 2.194 .3511 27.55 





The mean litter size is quite constant from generation to generation, 
and furthermore quite close to that obtained by Surface (26) for the 
breed in general. If anything of Mendelism is involved here, it is not 
revealed by this method of treatment, for the standard deviation is so 
nearly the same for each of the generations involved as to give no hint 
of segregation. In fact, the coefficients of variability would indicate a 
slowly increasing degree of homozygosis. 

Two interpretations may be placed on these figures. The animals 
studied are either practically constant from a zygotic standpoint, and 
the variations in litter size are due to environmental treatment, or else 
there is so much heterozygosis present in the grandparents that the 
parents are as much F, as F, in hereditary make-up. For the present 
the writers are going to use the latter interpretation, as there is no 
evidence at hand to support a belief in the former. 


TABLE II.—Deviation in litter size of the offspring from the parental generation in swine 









































BOAR I 
— of wn Fi generation. Fs generation. 
ber of 
Tat i ; e ; 
Seas. | Sow, | 2 Wii. oo iat. | eee ean 
| 
9 I] 5 ° 9 | ° 
4 t| 2 ° 9 | ° 
BOAR 2 
2 5 I} 4 ° 6 | ° 
2 6 2} 8 +1.43 3 +1.0117 7.5 +0. 239 -5 +o. 1686 
2 8 2) 65 + .717 1.5 £-1737| 4 + -479 tr + .3372 
2 9 1] 6 ° 6 
| 
BOAR 3 
3 4 3| 7 +0171 I. 41+0. 3433 | 9 +1.704 | 4.3241. 194 
3 6 2| 65 + .239 -5 &.1686} 8 + .95 2 + .0% 
3 7 4| 7-2541.6218 | 4.8 t1r.1502 | 7.754 .8869 | 2.63+ . 627 
3 II 1| 6 ° | 8 ° 
3 bf) 2/10 + .95 2 +£ .67% | 1 ° 
3 14 I | 11 ° | 6 ° 
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swine—Continued 


BOAR 4 


TABLE II.—Deviation in litter size of the offspring from the parental generation in 

















F; generation. 


Fe generation. 

































































Num- 
ber of 
ond Standard devia- Standard devia- 
a Mean. tion. Mean. tion, 
4 3 1] 8 ° 5 ° 
4 4 3 | 7.6641. 032 2. 620. 723 8 +0. 631 1. 630. 442 
4 5 5 7.2 + .9Q5I 3-294 . 7022 7.6 + . 5202 1.724 . 3672 
4 6 7) 8 + .2887] 1.134% .2037| 7.144 .2836]| 1.11 . 2001 
4 7 8] 85 + .6863 | 2.42+ .408 5.87+ .2726| 1.144 .1922 
4 8 6] 7.834 .5390| 1.954 .3801 | 6.834 .7712 | 2.79+ . 5438 
4 9 6| 7.164% .8127 | 2.944 . 5731 7.33% .4008 | 1.45+ . 2826 
4 10 4] 7.25+ .5092 1.51 .3618 | 6.75+ .3844] 1.14+ . 2012 
4 12 ee ° 12 ° 
BOAR 5 
5 3 | ri 6 ° 12 
5 4 4 5. 750. 6407 I. 92+0. 4543 | 6.5 0.3743 I. 110. 2654 
5 5 3] 9 # .3i9s 81+ .2239 | 6.664 .6666 | 1.694 . 4671 
5 6 4} 8 + .3228] 1.794 .2282 q. att .1§31 85+ . 1083 
5 7 12| 7.9% .4464 | 2.29+ .358 7-66+ .3099 | 1.59+ .2193 
5 8 16| 7.37% -.3979 | 2.36 .2817 7.504 .4 2. 42+ . 2889 
5 9 | g| 81+ .3844| 1.714 .272 8. 22+ .5866 | 2.614 .415 
5 Io | 6% 9.334 - 5943 2.15+ .4191 | 8.664 . 3759 1. 36+ . 2651 
5 Ir | 3 | 6.66+ . 4891 1.24+ .3427] 833+ .3707 94+ . 2598 
e | ea 4 2| 4 ° 9 
BOAR 6 
6 2 I 7 ° 8 ° 
6 3 3| 7.6640. 8283 | 2.1 +0. 5805 | 3.3340. 6243 | 1. 58+0. 4367 
6 4 3 | 4 664+1.1161 | 2.834 .7822 | 9.334 . 4391 1.24+ . 3426 
6 5 6] 86 + . 6041 2 + .4267| 6.83+ . 4533 1.64+ . 3197 
6 6 Tz | 6.72% .4604 | 2.26+ .gasr | 89 + .4625 | 2.2974 .3263 
6 7 18 | 7.05+ .2672 1.682% .1888 | 8.5 + .252 1.86+ .178 
6 8 24 | 7.584 .3255 | 2.364 .2300] 7.464 . 1862 1.35 - 1325 
6 9 15} 8&4 2+ .0046| 2.744 .0311 | 8 + .047 2.7 + .0314 
6 IO S| 6.6a+ . 4657 1.71 .2885 | 7.87+ .6075 | 2.54+ . 4283 
Il 5} 9 + .-o15t| 2.32+ .6414] 5 + .6922| 2.29+ . 4887 
12 3 7.66+ . 1853 -474 .1299 | 8.3341. 136 2.88+ . 796 
BOAR 7 
7 | a] 1} 6 ° 10 ° 
7 4 | 4| 7-5 +0.843r | 2.5 +0. 5802 | 85 +0. 1631 5 +0119 
a a 7 7. 9Es: «4202 16a: . 292 7.85+ . 6106 2.392 - 43% 
7 6 | 17 | 9.2S$c .a877 | 1.39 .164% | 7. 864 .230 1.464 . 1691 
i 7 19] 7. S2@ «3023 1: O52: .@I35 7.42% .3378 | 2.05 .2244 
7 8 26] 803+ . 3637 | 1r.99+ .1843] 7.8 + .2545] 1.92+ .1778 
7 9 4r| 9.29% .1958| 1.834 .1363 | 8 82+ .2077 1.94 . 1445 
7 10 8| 8 37+ .5333 | 2.234 .3760|] 662+ . 4616 1.934 . 3254 
7 II | 16] 85 + .2590| 1.54% .1838| 843+ .4502 | 2. 76+ . 3187 
7 12 | 6] 8.664 .5943 | 2.154 .4191 | 65 + .6109 | 2.214 . 4302 
7 13 | I | 50 ° 4 ° 
| 
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TABLE II.—Deviation in litter size of the offspring from the parental generation in 



























































swt tinue 
BOAR 8 
— of Num. F; generation. Fs generation. 
on or Pm nt Stenderd devia- Mian. Suntet devia- 
8 3 7| 7.28+0.1124] 0.4440.0793 | 7 20.3193] 1.2540. 2254 
8 4 8] 8754 .6721 | 2.81 . 4738 | 7.754 . 557 2.33+ . 3928 
8 5 II 7.334 .2634 | 1.91% .1861 | 827+ .6377 | 3.134 . 4501 
8 6 24} 6.91% .2965| 2.15+ .2094| 7.664 .3062 | 2. 22+ . 2161 
8 7 29 | 7.86+ .2394| 1.91+ .1692 | 7.82+ .277 2.21+ . 1958 
8 8 43 | 6 58+ .2519 |] 2.45+ .1783 | 7.234 .2076|] 2.02+ . 1469 
8 9 34| 8 14+ .292 2.524 .2124| 817+ .2294] 1.98+ . 1669 
8 10 Io] 6.7 + .2219] 1.044 .1565| 84 + .1462| 5.37+ . 8083 
8 II 1o| 7.8 +1.024 4.8 + .7225| 86 + .512 2.4 + .3612 
8 12 31 9 1.4061] 3.55+ .9895 | 9.664 .8415 | 2.04+ . 5639 
8 13 zi 9 ° 10 ° 
BOAR 9 
9 2 a ° 9 ° 
9 3 e) 9 ° 7 | o 
9 4 6| 7.83+0. 4616 | 1.67+0.3254] 7.66+0. 4616 | 2. 05+0. 3996 
9 5 2} 7.5 +.3898| 2 + .2758] 6.91% .4482 | 2.3 + .3172 
9 6 7) 671% . 4444 1. 74+ .3138| 7.144 . 6065 2.35+ . 4238 
9 7 32 | 7.594 . 2232 1.87+ .1576| 8 53+ .2495 | 2.094 .1762 
9 8 26} 7 + .2663| 2ork .1861} 7.5 + .3074| 2.32% .2148 
9 9 35) 7 + .3172| 2.954 .2377] 8 714 .2158 | 2. 10+ . 1693 
9 be) 14} 866+ .4060] 2.334 .2874]| 7.534 .3468| I.99+ . 2453 
9 II 8] 7.754 . 409 1.71+ .2883] 85 + .526 2.2 + .3709 
9 12 4| 8 + .1686 -5 & «419 9. 25+ .3709| 1.1 + . 263 
9 13 I 7 ° 8 ° 
9 15 1} 6 ° 8 ° 
BOAR Io 
10 I I 8 ° 14 ° 
10 3 2} 9 +0 4784] 1 +0.3372| 7.5 +1. 674 3.5 £1. 1803 
10 4 a) 9 ° 7-§ 41.674 3-5 +1. 1803 
10 5 4| 7 + .4755| 141 .3372 | 7.25+ .4957| 1.474 .3516 
10 6 6| 7.664 .34 1.23+ .2397| 8 + .3897] 1.414 .2749 
10 7 16} 7.934 .3591 | 2.134 .2542] 8. 18+ .4991 | 2.964 . 3533 
10 8 24} 8294+ .2978| 2.164 .2105 | 8 26+ .3787| 2.694 . 2676 
10 9 rj 8&9 + .6153 |] 3.024 .4343 | 8634+ .3586| 1.764 .2531 
be) Io 14} 678+ .4128| 2.294 .2919 | 7.574% .2777 1.54+ . 1963 
10 II 4| 825+ .435 1.29+ .3085] 9.5 + .5598]| 1.664 .397 
10 12 6] &5 + .525 rN £ .376 8.634 .5888 | 2.134 . 4151 
10 14 | I | 10 ° 8 ° 
BOAR II 
II 3 I 9 ° 10 fe) 
II 4 I 6 ° 9 ° 
II 5 5| 6.8 40.0574 | 1.9 +0.0405 | 8.2 +0.5111] 1.69 +0.3607 
II 6 6}; 8 + .5749 2.08+ .4054| 6.33+ . 4644] 1.68 + . 3275 
II 7 12 7-33 .3004] 1.54+ .2124| 7.85+ . 3804 | 2.007+ . 2705 
II 8 4} 8&5 + . 1686 -5 &.1190| 8.7541. 2107 | 3.59 + . 8586 
II 9 6} 883+ .6053 | 2.194 .4269 | 8. 16+ . 4809 | 1.74 + . 3391 
II Io 6] 7.5 + .3434| 1.254 .2422 | 8.664 . 4646 | 1.69 + . 3277 
II 13 I 6 ° | 12 ° 
II 15 ti 9 ° | 9 ° 
! 
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TABLE II.—Deviation in litter size of the offspring from the parental generation in 
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BOAR 12 
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Fi generation. 


F3 generation. 















































parents. 
ee. alee: Miéen. ——e~ weied Standard devia- 
Foon 
12 2 I ° 7 ° 
12 4 2 + o. 238 5 O18 8 5 + 0.238 ~5 +0. 118 
12 5 2 + .950| 2 + .6745)] 7 ° 
12 6 I ° 10 ° 
12 7 5 .6 + .554] 1.854 .3001] 9.2 + .399] 1.324 . 282 
12 8 6 .82- . 384] 1.394 .27 aS O72 | 2.4 4 .473 
12 9 6 LS & . Sor 2.144 .414 7.83+ . 387 1.4 1992 
12 10 I ° 10 ° 
12 II 2 ° 8. «917 | 18 2 .§0g 
12 12 I ° 12 ° 
12 13 2 ° 9. «9t7 ee ee 
BOAR 13 
13 6 3 | 8.664 0.493 | 1.250. 345 8. . 185 | Oo 129 
13 8 21 05 = «737| 1.5 & «505 7 -950] 2 + .6745 
13 9 a,%7.¢ £ .717 | tS & $05 9 -956} 2 + .6745 
13 II I | Io ° 6 ° 
13 12 2/752 .168 -5 + .245 | I0 -479| I + .337 
13 13 5} 96+ .526]) 1.74% .371 | 10 956} 2 + .6745 
BOAR 14 
14 8 9 ° 10.5 + 0.239] 0. 25-bo. 1686 
14 9 9 ° II 
14 12 ¥ ° 3 ° 
BOAR 15 
| 
15 | 8 8 








INDIVIDUAL EVIDENCES OF SEGREGATION 





Table II is produced by treating the litter size as a detailed character 
and comparing the parental generation with offspring. . The average of 
the F, deviations is 1.87+0.0549, while the F, mean deviation is 1.92+ 
0.0582. The probable errors make these two constants overlap, so that 
the individual treatment when lumped seems no more significant than 
when the deviations per generation are considered. Yet many individual 
evidences of segregation exist, and many times the F, generation from a 
particular cross is so small in numbers that only a fragmentary view of 


the segregable possibilities is obtained. 
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While it is possible that 90 per cent of the litter sizes in these tables do 
not represent the exact genetic constitution, yet it is probable that in 
general the greater the disparity in litter sizes between the two animals 
in the P generation, the greater will be the expected deviations in the 
F,, and the smaller the deviations in the F, generation. The following 
results, Table III, are produced by tabulating the averages of the devia- 
tions on this basis. 


TABLE ILI.—Average deviations in litter size in the F, and F generations of swine 



































Difference in number of pigs in | 
the two P litters. - = 3 4 5 6 7 8 
F, deviations...........] 2.13 | 1.89 | 1.93 | 2.04] 2.19 | 1.82] 1.32] 12} 05 
F, deviations...........] 1.91 | 1.84 | 2.16 | 2.10 | 2.16] 1.71 | 1.72 | 1.98] .5 
| 





A calculation of the probable errors involved in this table shows that 
only the difference between the F, and F,, deviations where the disparity 
in litter size is seven pigs is large enough to be mathematically significant. 
The difference when the parents vary from each other by two pigs and by 
six pigs is on the border line between significance and nonsignificance, 
but the five other columns are distinctly unenlightening. Yet, if the 
difference of two pigs is barred, the results are what might be expected. 

One criticism against the preceding method of treatment is thoroughly 
valid. If swine fertility depends on only one or two genetic factors, it 
is obvious that the point at which the difference between the two parents 
occurs is more important than the degree of difference. For example, if 
there is a physiological division point between two hereditary factors at 
six pigs, then a difference of two or even of four below six pigs might not 
be significant, while a difference of one more or one less in a litter of six 
or seven pigs would be thoroughly significant. An examination of the 
data from this point of view is now in progress, but it is probable that the 
key to the situation will only be discovered by breeding experiments. 


CURVES OF LITTER FREQUENCIES 


The distribution of the different sizes of litters in the three generations 
is given in Table IV. 


TABLE 1V.—Litter frequencies in swine 
































| | J 
bs | | | 
Generation. {| « | 2 | 3 | 4 | § 6) 9 | 8 | 9 | to | it 1a | 13 | 14 15 
rae eEN BEES eee SRR PE) EE | SRR, es See AEs!) ASS eg 
| | 
imo Miia wee | ©-11} 165; 98} 39) 108} 216) 324) 370) 324 216) 108) 39] 9 3| 1-5 | o.18 
Actual Doncachieated 3 9 30 80} 124] 198] 300] 362) 318] 162 9! 59| 26 3 
F oa +05 75| 4-9] 19] 54] 108] 162] 185 162} 108 54 19) 4-9 75 os 
Actual........ ° | 5 14 32 122] 149| 161| 149) 85 62 23| 8 4 2 
Expected..... +05 75| 4-9] 19] 54) 108} 162] 185] 162] 108 54 19 64-9 75 os 
Actual........ ° 4 17 32| 63) 107| 154] 17a] 135 95 59 3 II 3 3 
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Figures 1, 2, 3, and 4 show the curves for the litter frequencies in the 
three generations and indicate how close the actual numbers of litters 
come to the binomial curve (x+y). It is perhaps incorrect to call the 
theoretical frequencies recorded in Table IV ‘‘expectations,” unless it is 
clearly understood that they are the expectations founded on the nearest 
binomial. There is nothing in the inheritance to make them true expec- 

tations from an experi- 
“+2 13 /4 #6 mental standpoint. 
The curve of the actu- 
a al distribution spreads 
out at the extremities 
much wider than should 
be expected on a chance 
basis. Thisis true in re- 
gard to both extremes 
of the curve and makes 
it appear as though the 
curve were compound— 
i. e., the sum of several 
curves having separate 
means from which devi- 
ations take place. An 
= analysis on this basis 
/ | gives two small curves 
i at the extremes, which, 
/ PARENTAL GENERATION \ while they do not give 
/ ae ay ae \ perfect Gaussian distri- 
e W butions, are characteris- 
tic enough to make the 
assumption of another 
mean for each perfectly valid. The modes of these three curves are as 
follows: 
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Fic. 1.—Curve of litter frequencies in the P generation of swine. 


PROMO Bsa) wks sstelwpiaisee sive ein atarere os eaaie AP VAG ae eSNG 4 pigs per litter. 
RN Ad sn eS a ciate etavevis levaucioueipce wings eam aacar ores wieumiateraialels 8 pigs per litter. 
ROWE Rants wuaose we ae eipik ned mice NINE Nar Aer a Ts 12 pigs per litter. 


It is premature to announce that these modes represent centers of 
deviation for genetic factors, although a casual observation of the individ- 
ual data makes it seem that this condition may exist. Furthermore, 
the mode of curve 1 corresponds to the degree of fertility which Simpson 
states is characteristic of the wild hog, while the mode of curve 3 is very 
close to that of the Tamworth, the most fecund of domestic breeds. 
This indicates that the two may represent basic and improved factors 
for fertility, respectively, while curve 2 represents heterozygous con- 
ditions. 
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Before these curves 
can be accepted as 
more than merely sug- 
gestive a further anal- 
ysis must be made. 
There is a significant 
deviation from ex- “oO 
pectancy in the right- 
hand branch of the 
curve of the total pop- 
ulation, which persists 
even after the separa- 
tion into three curves. 
In figure 4 this defi- 
ciency is located in the 
left-hand branch of 
curve 3, but the minus 
deviations may just as 
logically belong in the ge aa es 
right-hand branch of /j #986 L)T 7m \ 
curve 2, suggesting / ’ 
that it also may be ‘ JY AN 
compounded of two Fic. 2.—Curve of litter frequencies in the Fig eneration of swine. 
curves dependent on a 
genetic factor not dis- #007 —f 2 
closed thus far. 

Paralleling this laws 
study some actual / \ 
matings of swine have off 
been planned and are 
in progress. 
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SUMMARY 

(1) Fertility in swine 
offers favorable mate- 
rial for the study of 
quantitative inheri- 
tance, because the 
units of deviation are 
discrete. 

(2) Biometric stud- 100 
ies of litter size with 
mother and daughter 
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have indicated a small \SEWME RATION 
degree of inheritance. /, \ 
(3) Crosses of breeds o Ca S 








having different mean Fic. 3.—Curve of litter frequencies in the F2 generation of swine. 
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litter sizes have suggested that segregations of fecundity factors may 
take place. 

(4) Numerous nongenetic factors limit the full expression of the inborn 
possibilities of fertility. 

(5) Certain few somatic characters may be correlated either in a 
physiological or genetic manner with the different degrees of fecundity, 
but the bulk of characters usually assumed to be so related are probably 

entirely independent 
GZE_ OF LITTER a 
POR wt —2-3_F¢_ F_ E77 8 9 10M 2 13 14 8 of it. 

(6) Herdbook data 
on the fertility of swine 
present sources of er- 
ror, but the percentage 
| of error is low enough 

to permit the statistics 
to be suggestive. 

(7) Numerous influ- 
ences exist which lower 
the size of litter, which 
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se 


i sources of error may 
by | \ operate in a manner 
k compensatory to those 

b just mentioned. 
(8) It is questionable 
¥ whether the size of lit- 
ter represents the he- 
reditary factors trans- 
#00 VJ ih mitted, but the somatic 
‘7 1\ character was perforce 
Ay PSS AN accepted at face value 

4 “Sa. ra = | . Kd . 
° at * in these studies. 


Fic. 4.—Diagram of the combined litter frequencies for the three (9) There is no re- 
generations of swine analyzed into its component curves. 
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duction in variability 
in the litter sizes of the dams as compared with the grandparents or 
progeny, as would result if there were homozygous differences for fertility 
in the grandparents. Hence, the fertility deviations are either non- 
germinal or else the degree of heterozygosis is so great in the grandparents 
that no increased variability in the F, generation is possible. The latter 
explanation is probably the correct one. 

(10) The frequency curves for the 3,540 litters studied make it appear 
that there are at least three centers of deviation in swine fertility. These 
centers possibly correspond to genetic factors involved in the inheritance 
of fecundity. 
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RELATION OF GREEN MANURES TO THE FAILURE OF 
CERTAIN SEEDLINGS 


By E. B. Frep, 


Agricultural Bacteriologist, Agricultural Experiment Station of the 
University of Wisconsin! 


INTRODUCTION 


In a previous report it has been shown that if green manures are turned 
under and the soil planted immediately, a decrease in germination may 
result. For example, a 20-acre field, half in crimson clover (Trifolium 
incarnatum) and half in fallow, was plowed and planted to cotton (Gos- 
sypium spp.) (17, p. 26).2, On the crimson-clover plot the cotton failed 
almost completely to germinate. Here and there a few crippled seedlings 
appeared, while on the fallowed plot normal germination occurred. Seed 
from the same lot was used on both plots. The green manure in some 
way seriously affected the germination of the cottonseed. Three weeks 
later the green-manure plot was again seeded to cotton. Germination at 
this time was perfectly normal. Apparently the harmful factor disap- 
peared during the interval of three weeks. 

A more extensive study of the substances affecting seed germination 
and of the factors involved was deemed advisable. The controlling idea 
in this investigation was a study of the effect of green manures on the 
germination of different seeds. In determining the percentage of germi- 
nation, only those seedlings that appeared above the surface are recorded. 

The amount of green manure used was determined from the following 
calculation: A good crop of clover should yield from 4 to 5 tons of undried 
green hay per acre. If 1 acre of soil 3 inches deep weighs 1,000,000 
pounds, then 1 per cent of green clover is comparable to the amount 
employed under field conditions. Except in rare cases this amount of 
green manure was used in all of the laboratory studies. The green plant 
tissue was cut just before blooms began to form, finely chopped, and 
mixed thoroughly with Miami silt loam soil from the Experiment Station 
farm. The soil moisture was maintained at 50 per cent saturation. 
All tests of germination are recorded in percentages. Photographs were 
made of the young seedlings two weeks after planting. 


EFFECT OF GREEN MANURES ON THE GERMINATION OF VARIOUS 
SEEDS 


Since it has been shown that seeds of different plants vary widely in 
chemical composition, it is very probable that they will react differently 
toward green manures. This experiment was planned to test the effect 





1 Published with the permission of the Director of the Wisconsin Agricultural Experiment Station. 
2 Reference is made by number to “ Literature cited,”’ p. 1175-1176. 
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of decomposing plant tissue on the germination of buckwheat, castor 
beans, corn, crimson clover, flax, hemp, lupines, mustard, oats, peanuts, 
soybeans, sunflower, and wheat. The percentage composition of these 
seeds is given in Table I. 


TABLE I.—The percentage composition of various seeds (II, 20) 





| Crude cated 


Name. Fat. protein. extract. 


Crude fiber. 





Castor bean (Ricinus communis) et. 37 18. I. 
Peanut (Arachis hypogaea) 45 25 18 
Flax (Linum usitatissimum).... 33.9 22. 23. 
Hemp (Cannabis sativa). . 32. 58 18. at. 
White mustard (Brassica alba)... 29. 66 27. 20. 
Sunflower (Helianthus annuus). -79 16. 17. 
Cotton ee mg herbaceum). . . 86 19. 23. 
Soybean (Glycine soja). . . 00 35. 20. 
White lupine (Lupinus albus). . 79 28. 33 
Oat (Avena sativa) . 27 10. 59. 
Corn (Zea mays) ne 9. 68. 
Buckwheat (Fagopyrum tatart- 

cum) . 68 | th 58. 7 38 
Wheat (Triticum sativum)...... 65 | 10. 93 70. : I. 92 
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The seeds are grouped according to fat content; those richest in fat 
are given first. The marked difference in the chemical composition of 
various seeds is very noticeable. For instance, castor beans contain 
more than 50 per cent of fat, while oats contain less than 2 per cent. 

According to Nobbe (16, p. 173), seeds rich in oil require more oxygen 
for germination than starch seeds. In Tables II, III, and IV data are 
presented concerning the effect of green manures on various seeds. In 
every case the seeds were tested under identical conditions. The figures 
of Table II show the effect of 1 per cent of green clover on the germina- 
tion of buckwheat, corn, hemp, lupine, and sunflower. 


TABLE IIl.—Effect of green clover on the germination of various seeds 
Germination. 
Seed. Treatment. | : — seer re 


kK. | 2 weeks, | Relative 
| 


Per cent. | Per cent. | Per cent. 

BURR WRERE «5.556 5:56:6:6:6 e5:0:5':50) SOOM Re oar or 75 go 100 
| I per cent clover... go go 100 
None. . ‘ air 100 100 100 
I per cent clover... 95 100 100 
None.. : war 95 95 100 
I per cent clover... 65 65 
INGHE..6:5:05:6 Arie 75 80 
I per cent clover... 60 60 
95 
55 
go 
I per cent clover... go 
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The average percentage of germination in duplicate pots, after one and 
two weeks, is recorded in Table II. The last column gives the relation 
between the treated and untreated seeds. A glance at the figures shows 
clearly that buckwheat, corn, and sunflower were not injured by green 
manures. On the other hand, hemp and mustard were seriously injured; 
the latter showed the greatest loss. Lupines are not so sensitive as 
mustard or hemp toward green manure, although a slight decrease in 
germination is noted. 

As regards fat content, it will be seen that with the exception of sun- 
flower those seeds rich in oil are the most sensitive to green manuring. 
The very quick germination of sunflower seed may explain their resistance 
to the injurious factor. 

Table III presents data to show the striking difference in behavior of 
fat and starch seeds toward green manures. A comparison of the injury 
resulting from the use of green clover and green oats is made. 


TaBLE III.—Effect of green clover and oats on the germination of cottonseed and wheat 


| Germination. 
Treatment. 
1 week. 2 weeks. 3 weeks, Relative. 





Per cent. Per cent. Per cent. Per cent. 
WRONG ana tavece sess 8 2. a 100 
1 per cent of oats 65 7° 
1 per cent of clover. . : ; ; 19 
INOMO os dwe wre eee ca 100 
1 per cent of oats..... | go 
| 1 per cent of clover. . 35 85 














The germination of cotton was seriously injured by the presence of 
green manures; the green clover was much more harmful than oat 
tissue. Wheat was little affected by the use of green manure. The 
data confirm the results of the preceding test—that is, that seeds rich in 
oil are especially sensitive to green manures. It appears that the per- 
centage of injury depends to a certain degree on the source of the plant 
tissue. Plate LX XXIII, figure 1, is reproduced from a photograph of 
cotton seedlings two weeks after planting. In order to make the seed- 
lings more visible, a thin layer of white quartz sand was poured upon the 
surface of the soil. 

With soybeans in place of wheat, this experiment was repeated, as 
shown in Table IV. 
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TABLE IV.—Effect of green clover and oats on the germination of cottonseed and soybeans 























x Germination. 
No. Seed. | Treatment. — ee Te ee 
| | 1 week, a weeks. | 3 weeks. | Relative. 
— = | canine — | ‘i 
| 2 Per cent. | Per cent. | Per cent. | Per cent. 
1 | Cotton... .| None. ssf 95 100 100 | 100 
fe eer I per cent of oats..... 35 35 35 35 
3 ee 1 per cent of clover. .|......... : 10 10 | 10 
4 ‘Soybean .. PIORE, os si:0:s bs 100 100 | 100 | 100 
5 EDs Sc os I per cent of oats . 40 | 4° | 4° | 40 
| eee “eae 1 per cent of clover. . | 30 | 60 | 60 | 60 
' 


Here it was again found that the oil seeds are very sensitive to green- 
manuring. Soybeans are more resistant to this injury than cotton. 

As regards the source of the green manure, the results of numerous 
tests indicate that clover causes a greater loss than oat tissue. An 
exception to this is found with soybeans (Table IV). No satisfactory 
explanation has been found for the different action of these two sub- 
stances. The average of three total-nitrogen analyses shows that clover 
contains 80.27 per cent of moisture and 4.8 per cent of protein (dry 
basis). The oats contained 82 per cent of moisture and 3.96 per cent of 
protein. Chemical analyses fail to disclose any very striking differences 
between the clover and oat tissue. Indeed, the protein content is nearly 
the same in both substances. It is possible that the nitrogen of legumes 
is more available than that of nonlegumes (14). It was noticed repeat- 
edly that clover tissue decomposes more rapidly than oat tissue. 


EFFECT OF TIME OF PLANTING AND QUANTITY OF GREEN MANURE 
ON THE GERMINATION OF COTTON SEED 


Ten half-gallon jars were filled with soil and treated as shown in 


Table V. 




















TABLE V.—Effect of time of planting and quantity of clover on the germination of 
cottonseed 
Germination. 
No. otnaeaie Planted immediately. Planted two weeks later. 
| | eats ‘kee 
I Se ee | Rela- I ee ee ee ee Rela- 
| week. | weeks. | weeks.| tive. | week. | weeks. | weeks.| tive. 
| | 
| Per ct.) Per ct.| Per ct. | Per ct.| Per ct.| Per ct.| Per ct.| Per ct. 
WOM fos surices daca aes | go go 90 | 100 go 95 95 100 
2 | 0.25 per cent of clover..| 60 60 60 66 go 95 95 100 
3 | 0.5 per cent of clover... 50 50 50 55 80 95 95 100 
4 | 1.0 per cent of clover... 35 35 35 38 | 00] 00] I00 100 
& | 2.0 per centiol Clover.....|.......h.66..: l oveseiee'ars ierercintet 75 85 85 89 
6 | 3.0 per cent of clover...|...... | | 70 5 
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From the data of this experiment it is very evident that the serious 
injury caused by green manures is only temporary. Two weeks after 
the green manure was turned under, the conditions that affect seed ger- 
mination disappeared. Aside from the temporary nature of the inju- 
rious agent, it will be seen that the percentage of injury is fairly propor- 
tionate to the amount of green clover used. In the presence of 0.25 per 
cent, the rate of germination was decreased 34 per cent, while more than 
I per cent of green manure entirely prevented germination. A compar- 
ison of the effect of green manures in different stages of decomposition 
on cotton germination is showin Plate LX XXIII, figures 2 and 3. 


FIELD EXPERIMENTS WITH GREEN MANURES 


Early in the spring of 1914 a series of plot experiments with various 
seeds was made. For this purpose a good clover sod from the Experi- 
ment Station farm, near Madison, Wis., was chosen. This sod was 
divided into three equal sections: A, Clover; B, oats; and C, unplanted. 
The sections were subdivided into six plots, as shown in Table VI. 
Section A was allowed to remain in clover, while B and C were plowed, 
section B planted to oats, and C left without any crop. When the oats 
in section B and the clover in section A were partly in bloom, the soil 
was plowed and prepared for planting. One half of each section was 
planted immediately, the other half 25 days later. It was arranged to 
study the effect of clover and oat tissue on the germination of cotton, 
corn, hemp, oats, and soybeans. The same weight of seed was planted 
in each plot. The results of this series of tests are given in Tables VI 
and VII. 


TABLE VI.—Effect of green clover on the germination of various seeds 

















Germination of seed 
Planted immediately after turning under. planted 25 days af- 
ter turning under. 
No. Seed. With clover. Unplanted. 
' With aaa 
lover. ani 
Seed ger- : Seed ger- : be p , 
mination. Weight. mination. | Weight. 
Pounds. Pounds. 
PUN owas. ce nernecarae: GGib i enoues Oi bs sin wey 190 210 
i eee PR ccc cucu se ene aes (3-4) See 1 9 ee 202 218 
SGM Mrescccereae cacaws oes 76 21 79 27 68 75 
PO acre rere er Few. 8 | Many. 27 I, 050 I, 130 
WON niece oa ewkmewntwes Cn | eee PT | Seer Fine. | Fine. 
CN CORUM Veveevevenensns 58 4 83 Sy 83 
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TABLE VII.—Effect of oats on the germination of various seeds 





Germination of seed. 




















No. Seed Planted immediately af- | Planted 25 days after 
. , ter turning under. turning under. 
With oats. | Unplanted. | With oats. | Unplanted. 
EON oie eh evieiele ew neceare Retr 100 210 134 140 
Ree eM oa wide swt gihainnin Kane aI as 117 218 125 131 
Ca OC a eeeOrn ne Gor mer er ac is 62 75 72 73 
Ay MRI 5x05 aoa alee Wc eae ae 450 I, 130 210 320 
id ARIMA RNE s iav'oa, sail cist wiuioverole-SisisTaiscoralace ivta Many. Many. Many. Many. 
Dee PROM < «calcite Wows. Sate awrcnen 35 88 39 40 











From these tables it will be seen that green manures seriously injure 
the germination of cotton, soybeans, and hemp, while corn and oats are 
not affected. The diminished germination is not confined to clover 
tissue, but is noted with oats. This effect of the plant tissue on germi- 
nating seeds is also observed in the weight of harvest. Unfortunately, 
because of climatic conditions, the cotton could not be grown to matu- 
rity. On adjoining plots, where the green manure was allowed to decom- 
pose for 25 days before planting, no injury was observed. 

The field data show (1) that green manures largely prevent the germi- 
nation of certain oil seeds, and (2) that the unfavorable condition is 
only temporary. 


NATURE OF THE INJURIOUS AGENT 


There are a number of possible causes that might account for the 
destructive influence of green manures on seed germination: 

First, the green manure greatly increases the number and variety of 
micro-organisms. The organisms on the plant tissue may be harmful, 
or conditions proper for the development of harmful organisms may 
arise. 

Second, the large gain in number of organisms, after the addition of 
green manure, results in a possible accumulation of substances toxic to 
germination—for example, poisonous by-products of decomposition, as 
alkali or acid. 

Third, the rapid multiplication of micro-organisms, which results in an 
increased metabolism, causes soil oxygen to be consumed and carbon 
dioxid to be given off. Such loss in oxygen and gain in carbon dioxid 
might conceivably retard or prevent germination. If it is assumed that 
oil seeds require more oxygen for germination than starch seeds, the 
third supposition should apply particularly to seeds rich in fat (16, p. 173). 
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EFFECT OF SOIL TYPE 


In order to ascertain the relation to soil type of the agent causing a 
decrease in germination, a series of tests was made. Four soil types 
were used: Colby silt loam, Miami silt loam, Sparta acid sand, and neutral 
sand. The results of the first test are given in Table VIII. 


TaBLe VIII.—Effect of green manure on the germination of cotionseed 





Germination. 








No. Soil. ‘Treatment. ; . ; — 
week. | weeks. | weeks. 
Per ct.| Per ct. | Per ct.| Per ct. 
1 | Colby silt loam (acid)........ 1 re) ae: go go 100 
Bhs csies Mis veins «cacece'ceuuantes 1 percent of clover.| 35 45 5° 55 
3 | Miami silt loam. ....... << .06+% INONG rc ctescvececih, 29 75 75 100 
© Bwsccd Ci Catia necuewvcnrats 1 percentof clover.} 35 35 35 50 
5 | Miami silt loam, half sand....} None...............] 95 95 95 100 
3 eee GO tectacshcgencussewens 1 percent of clover.| 45 45 45 5° 
al Bo SOR a Ca Pre Weeicctecesscceep oe 80 80 100 
5 Sone OS crecicaebedaisexe ce tetes 1 per cent of clover.| 90 go 90 112 
9 | Sparta atid and. .:... 2... A eee) me 80 85 100 
IO fon css ee ere eee eee I per cent of clover.| 70 70 70 82 























For the purpose of securing variation in texture, dilutions with Miami 
soil and quartz sand were made. From the data obtained, it seems that 
the property of reducing seed germination is common to both silt loams, 
but is absent or almost inactive in the sands. Since the relative decrease 
in germination is approximately the same with Miami or Colby silt loam, 
it appears that soil reaction is not one of the controlling factors. In 
neutral or acid sand no decided injury was noted. The results of a 
second series of tests confirm the above statement. Just why sandy 
soil should prove less efficient than the loams is not evident from the data, 
unless it is due to the absence of the injurious factor. 


EFFECT OF POSITION OF GREEN MANURE 


It was arranged to study the effect on seed germination of plant 
tissue at different depths. Green clover was added at the rate of 1 per 
cent. The results secured were as follows: When the green manure 
was placed in the bottom of the jar, 80 per cent of cotton germinated; 
in the middle, none germinated; on top, 10 per cent germinated. It is 
evident that green clover must be in close contact with the seed in order 
to be effective. This may be shown by wrapping cotton seeds with clover 
leaves. One or two clover leaves greatly injured seed germination. 
Plate LX XXIII, figure 4, shows the effect of position of green manure 
on seed germination. 
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EFFECT OF INCREASED AERATION 


In view of the different action of green manures in compact and open 
soils, it was decided to make a series of tests under conditions that tend 
to remove gaseous substances. For this purpose, specially designed 
jars with openings in their bottoms were employed. By means of a 
glass tube connected with the bottoms of the jars, air was forced through 
the soil. In these tests air was allowed to pass through the soil for 
20 to 30 minutes every day. A comparison of germination in the aerated 
and unaerated soils failed to show any difference. Change in soil air 
did not lessen the injury. 


EFFECT OF TEMPERATURE 


It is a well-known fact that slight changes in temperature often greatly 
increase or decrease the growth of micro-organisms. Accordingly a 
test was made with three variations in temperature. 


TABLE IX.—Effect of temperature on germination of cottonseed 























| Germination. 
No. Treatment. — Relative. 
4 days. 8 days. 
— | 
"E. Per cent. Per cent. Per cent. 
ES ERR TERY OTT ROR ECE re 25 85 85 100 
4 | zpercentoficlover.............. 25 55 55 64 
BMPR os cai5 Niviclers om vleulersbveisialsingwsr 30 95 95 100 
4 | £iper cent OF Clover «6... 55:0 30 35 35 36 
BF RU oss niciers: ceases. écnssceys hs pa cnsarpsnie 37 100 100 100 
GO | BPSK CEMEO! CLOVER 6 6.0:.0.5. 5204 oo | 37 80 80 80 
| 





About 30° C. seems to give the greatest injury; lower or higher tem- 
peratures fail to cause so great a decrease in germination. 


EFFECT OF CERTAIN DECOMPOSITION PRODUCTS 


In the decomposition of plant tissue many substances are liberated— 
e. g., ammonia and carbon dioxid. The relation of ammonium hydroxid 
to seed germination has been studied by Bokorny (3; 4, p. 37). He 
found that small quantities of ammonium hvydroxid, 0.02 per cent, 
greatly retarded the germination of cress. It seems that the active pro- 
tein of the cell is very sensitive to ammonia. 


AMMONIUM HYDROXID 


A series of tests was made using from 0.1 to 0.01 per cent of ammonium 
hydroxid. Four different seeds, cotton, corn, soybeans, and wheat, were 
allowed to germinate between cloths saturated with the varying concen- 
trations of ammonium hydroxid. It was found that 0.05 or o.o1 per 
cent proved injurious, while 0.1 per cent prohibited all germination. 











” 
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Since it was established that ammonia is harmful to seed germination, 
another test was carried out to study the ammonia produced by micro- 
organisms. ‘The results of this study are shown in Table X. 


TABLE X.—Effect of sugar and of clover on ammonification 





| Ammonia nitrogen in 100 gm. of soil. 





Time in 2-day intervals. | | | 
Notreat- | 1 per cent of | 1 per cent of 











ment. a added. \clover added. 
Mgm. Mom. Mgm. 

De cidietwuclscevanabeataccesteeass dors easmecdeee 1. 98 2.0 3 
, OT TT OTS EE EE eC Te OCTET ek eer 2.1 4.3 
Ma ciucssescnenecwecusurk cup ahmss hans duane. ee seeuiere ada aeeert 1. 96 2.8 
PCC Ye OTE T EE TERE CTO OO ee ee ea te 1.4 2.4 
Wier c'n visio eaten caving eis Rae ee nemEe Cas aaaenwee ed DRA ee wakes I. 4 2.5 
We ctinaits accuses aeesneuvgune wavs Cae’ wats cated I. gO 2.5 2.6 
PR ie wiccnconcenne ceeterwacd ou cease ket te tate: II. 36 17.9 














Since ammonia formation is largely a product of bacterial action, it 
was thought that sugar or green manure would cause an enormous 
increase in this substance. The data of Table X show a slight gain in 
ammonia in the treated soils, but the amount is far too small to affect 
germination seriously 


CARBON DIOXID 


It was found that carbon dioxid, when added in large quantities, re- 
tards germination but does not cause the seeds to decay. As soon as 
the carbon dioxid is removed, germination proceeds in a normal manner. 
In Table XI is given the periodic evolution of carbon dioxid from soil 
treated with 1 per cent of sugar and 1 per cent of clover. 


TABLE XI.—Effect of sugar and clover on carbon-dioxid evolution 








Carbon dioxid in 100 gm. of soil. 























Time in days. P P 
rt per cent Tr cent o 
No treatment. sugar added. clover added. 
— - 
Mom. Mom. Mom. 
EEE Pea PPE Ee PO Eee Oe 4. 62 22.0 16. 02 
ist Me iRRKa wae eCEN Ch MEN Cece Ve MeeKeREMnen 6. 82 17.2 12.7 
LCS PEL LEE ET LO PTE CTO TEE CEE g. 46 36. 52 22.0 
CTO CCE TOT TOUT CO 7. 21 37. 84 22.75 
(| EP LE ee TE OE EEOC EET OS CE ere 7.57 33- 97 22.7 
vce viics Lute vede oe EOteneaVeusuaeeeuel : 7.74 29. 35 24.2 
, ORE PLE EERE CE ee ee 7.65 26. 40 24. 42 
BR catignushe se eis sawa ken cecesecedaswenaes 9. 68 25. 30 22. 22 
167. OL 
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From the data in this table it is evident that the amount of carbon 
dioxid evolved in the presence of sugar or clover is far too small to exert 
a marked effect on germinating seeds. 


CALCIUM CARBONATE 


It is well known that free acids greatly retard or prohibit germination 
(3; 4, p. 37). Aside from the direct effect on seeds, an acid reaction may 
favor the growth of injurious micro-organisms. Accordingly, two series 
of tests were made, using a neutral and an acid soil with varying amounts 
of limestone (CaCO,). The results of the first test are given in Table XII. 


TABLE XII.—Effect of green clover and calcium carbonate on the germination of 
cottonseed 





Germination. 
Treatment. 





1 week. | 2 weeks. | 3 weeks. | Relative. 





Per cent. | Percent. | Percent. | Per cent. 
85 8 8 100 
1 per cent of clover 55 64 


1 per cent of clover, o.1 per cent of calcium 
carbonate a6 40 
1 per cent of clover, o.2 per cent of calcium 
carbonate 15 17 
1 per cent of clover, 0.5 per cent of calcium 
carbonate 15 17 
1 per cent of clover, 1.0 per cent of calcium 
10 II 




















The data show clearly that limestone in concentrations of from 0.1 to 1 
per cent seriously injured the germination of cotton. The seedlings from 
limed soils died during the first or second week. A second test, similar 
to the above, was carried out, using acid soil. Here again calcium car- 
bonate seemed to stimulate the injurious factor. 


EFFECT OF HEAT 


The results of previous tests indicate very strongly the biological 
nature of the factor injurious to germination. For example, reduced 
germination is largely associated with the first stages of decomposition. 
Second, the data seem to exclude the possibility of harmful gaseous 
products. It is conceivable that in the early stages of decomposition 
green tissue is favorable to the growth of certain organisms injurious to 
germination. Accordingly, a series of experiments were made in which 
the amount and form of green manure applied, the seed, and the biological 
factors were modified. From 1.5 to 3 per cent of green manure was 
added. To remove the biological factor, the jars and contents were 
sterilized in the autoclave at 15 pounds’ pressure for two hours. The 
results of this study were recorded by photographs. Reading from left 
to right (Pl. LX XXIV, fig. 6), the jars were treated as follows: A, none, 





Mar. 20,1916 Relation of Green Manures to Failure of Seedlings 1171 





unsterilized; B, 1.5 per cent of green manure, sterilized; C, 1.5 per cent of 
green manure, unsterilized; D, 3 per cent of green manure, sterilized; 
E, 3 per cent of green manure, unsterilized. The soil shown in the pots 
in Plate LX XXIII, figure 5, was treated with green oats, in Plate 
LXXXIV, figure 6, with green clover. Since the corn and wheat did 
not show any injury, these illustrations were not reproduced. The data 
from cotton, clover, and flax are presented in Plate LX XXIV, figures 1, 
2,3, 4,and 5. A glance at the seedlings in the sterilized soil shows con- 
clusively that heat removes or renders inactive the harmful factor. The 
percentage germination of all crops in the sterilized green-manure soil 
was equal to that of the untreated controls. Apparently, sterilization 
has in some way prevented any injury from green-manuring. ‘This is 
true with 1.5 or 3 per cent of green manure. When repeated, the same 
results were obtained. These data are given in Table XIII. All of the 
results point to an injurious agent of biological nature. 


TABLE XIII.—Effect of heat on the germination of cottonseed 





Germination. 


Treatment. 





1 week. 2 weeks. s. Relative. 





Per cent. Per cent. Per cent. Per cent. 
100 100 100 


Do ee One 85 85 85 
I per cent of clover 10 10 10 
1 per cent of clover sterilized. 80 80 80 





E Pel Cont OF ONIS...«...05.665:. 35 35 35 
I per cent of oats sterilized... go 

















SOURCE OF INJURIOUS AGENT 


When portions of diseased seedlings are used to inoculate sterilized 
green-manured soil, the germination of oil seeds is greatly reduced. 
Numerous tests show that the harmful agent is readily transferred. 
From the data it must be concluded that the injury to seed germination 
is biological, probably due to bacteria or fungi. To study the nature 
of the agent, a series of tests was made with different micro-organisms. 


EFFECT OF BACTERIA 


In this series of tests bacteria from seed, from green manure, and from 
soil were studied. From the nature of the seed coat of cotton it is no 
doubt very rich in a number of bacteria. According to plate counts, 
the number of micro-organisms on cottonseed is over 122,000 per gram, 
or an average of nearly 11,000 organisms to one seed. A comparison 
of the germination of cottonseed free of bacteria and with bacteria, in 
unsterilized green-manured soil, did not disclose any difference in germina- 
tion. The bacteria were removed (2) by exposing the seed to the action 
of hot mercuric chlorid (HgCl,) or concentrated sulphuric acid (H,SO,). 
The use of sulphuric acid offers an easy and satisfactory method of 
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removing micro-organisms from cottonseed. ‘The seeds were placed in 
a large glass-stoppered bottle containing concentrated sulphuric acid 
and glass beads. After shaking for two minutes, the seeds were removed 
with a platinum loop and washed in boiled water. From the data 
it seems that infection is from some source other than the seed. 

It has been shown repeatedly that the addition of green manure to 
soil is followed by an enormous increase in the number of bacteria. 
Aside from the increase in bacterial food, the green manure carries 
with it a great number of bacteria (6, 8, 21). Tests with bacteria-free 
green manures failed to eliminate the injury. 

About 16 pure cultures of bacteria were isolated from diseased seeds 
and green-manured soil. In order to test the effect of these various 
micro-organisms on germination, sterilized green-manured soil was 
inoculated with the various species of bacteria and seeded. The tests 
were carried out in triplicate, using bacteria-free seed of cotton, peanut, 
and soybeans. Here, again, bacteria failed to show any effect on the 
germination of oil seeds. In addition to the pure cultures used in the 
above experiment, a study was made with four laboratory stock cul- 
tures, Bacillus fluorescens liquejfaciens, B. subtilis, B. mesentericus vulgatus, 
and Streptothrix bucallis. Heavy inoculations of these organisms did 
not injure the germination of cottonseed or soybeans. This agrees with 
the results of earlier workers (12, 13, 15, 18)—that is, bacteria grown 
on rich nitrogenous media do not injure seed germination. An exception 
to this is noted with cracked or injured seeds. 


EFFECT OF FUNGI 


From a study of tests carried out with various combinations of ster- 
ilized soil, green manure, and seeds free of micro-organisms, it was found 
that the harmful factor occurs chiefly in soil. The data in Table XIV 
show very conclusively the position of injury. 


TABLE XIV.—E ffect of fungi on the germination of cottonseed 





Germination. 


Treatment. 





1 week, | 2 weeks. | 3 weeks. | Relative. 
| 





| Per cent. | Percent. | Percent. | Per cent. 
Sterilized soil, 1 per cent of sterilized clover.| 20 70 70 100 
Sterilized soil, x per cent of unsterilized | 
clover 15 
Unsterilized soil, 1 per cent of sterilized | 
clover 
Unsterilized soil, 1 per cent of unsterilized | 
clover 

















It seems that the harmful agent is found both in soil and in plant 
tissue, although it is much more prevalent in soil. The results of later 
tests confirm this statement. 
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iin to many investigators, fungi may injure seed germination 
(1, p. 30-39; 7, 12,15). For example, Muth (15) found Aspergillus niger 
harmiul to the germination of various seeds, while Atkinson (1, p. 30-39) 
and Bolley (5, p. 25-27) report a destruction of cotton and flax seed- 
lings by species of Rhizoctonia and Fusarium. 

Since it is established that certain soil fungi are injurious to very 
young seedlings, the question arises as to the occurrence and growth of 
parasitic fungi in green-manured soil. An experimental study of the 
occurrence of fungi in green-manured soil was made. Microscopical 
examinations of the diseased seeds showed the presence of many fungi 
on the primary root tip. Although no systematic study was made, 
some of the forms showed certain characteristics of the genus Rhizoc- 
tonia and others of the genus Fusarium. From portions of the diseased 
tissue plates were poured. In this way several species of fungi were 
isolated. These are described under laboratory numbers. All attempts 
‘ to secure a pure culture of any species of Rhizoctonia failed. The vari- 
ous fungi were used to inoculate large tubes and jars of sterilized green- 
manured soil. The inoculated soil was planted to bacteria-free cotton- 
seed and soybeans. In the soil cultures no injury to germination was 
noted, except with culture 1. Here from 75 to 100 per cent of the seed- 
lings were killed. Repeated tests with this unknown culture gave simi- 
lar results. No injury to corn and wheat was noted from inoculations of 
culture 1, while soybeans and cotton were quickly destroyed. 

Since the diseased root tips showed the presence of a Rhizoctonia-like 
fungus, it was arranged to study the effect of certain species of Rhizoc- 
tonia isolated from other sources. Two strains were employed—one 
isolated from potatoes, the other from alfalfa. The potato culture was 
secured from the Department of Plant Pathology of the Wisconsin 
Experiment Station; the alfalfa culture was supplied by Mr. Fred Jones, 
of the University of Wisconsin. Table XV gives the results of this test. 


TABLE XV.—Effect of Rhizoctonia spp. on the germination of cottonseed 





Germination. 





Treatment and inoculum. 


1 week. | 2 weeks. | 3 weeks. 





Per cent. | Per cent. | Per cent. 
None, sterilized. Uninoculated........... 75 80 80 


I per cent clover sterilized. Uninocu- 
lated 85 

None, sterilized. Inoculated with Rhizoc- 
tonia sp. from alfalfa 

I per cent clover sterilized. Inoculated 
with Rhizoctonia sp. from alfalfa 

None, sterilized. Inoculated with Rhizoc- 
tonia sp. from potato 

1 per cent clover sterilized. Inoculated 
with Rhizoctonia sp. from potato......... 
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Rhizoctonia sp. isolated from alfalfa proved fatal to cotton seedlings. 
Two weeks after inoculation all of the young plants were dead. On the 
contrary, a species of Rhizoctonia from potato produced no noticeable 
injury to cotton seedlings. This difference in the action of the two 
strains of Rhizoctonia is very evident from Plate LX XXIII, figure 6, and 
the data in Table XV. A species of Rhizoctonia from alfalfa produced 
nearly the same effect on soybeans as on cotton, while the germination 
of corn was not affected. 

A study of the optimum conditions for the growth of culture 1 and 
Rhizoctonia sp. from alfalfa showed that about 25° to 30° C. is the most 
favorable temperature for both of these fungi. The results of a previous 
study indicate that about 25° C. is the optimum temperature for the 
growth of the harmful factor. From the data as a whole, it seems very 
conclusive that the fungus of culture 1 and probably other fungi are the 
causative agents in the destruction of germinating seeds. 


DESCRIPTION OF THE INJURY 


Examination of the diseased seeds shows that the injurious factor 
probably does not attack seeds until after germination. Apparently the 
fungus attacks the primary root soon after germination. This occurs 
when the primary root is from 4 to 1 cm. long. The hyphe pierce the 
walls of the host, entirely envelop the root, and often penetrate deep 
within the tissue. In the affected region the tissue loses its form, turns 
brown in color, and soon rots. Under the microscope these diseased 
seedling roots are surrounded by a dense mantle of hyphe, which are 
often brown-colored. 


RELATION OF GREEN MANURE TO INJURY OF OIL SEEDS 


Although the evidence at hand does not warrant a definite conclusion, 
the author suggests the following as a possible explanation for the injury: 
The green tissue furnishes an excellent medium for the development of 
fungi. This is especially true in the first stages of decomposition. After 
one or two weeks in the soil the green manure undergoes certain changes 
which render it unsuited to the growth of the injurious fungi. 

Just why oily seeds should be so sensitive to fungi is not known. It is 
possible that the oil partly changes to fatty acids in the process of germi- 
nation (9, 10). According to Schmidt (19, p. 300-303), oil and fatty 
acids favor the growth of certain fungi. The fungus may produce a 
fat-splitting enzym—for example, lipase. This offers a possible expla- 
nation for the selective action of the injurious fungi for oil seeds. 
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SUMMARY 


(1) Green manures may seriously injure the germination of certain 
seeds. 

(2) This injury is brought about by the action of certain parasitic 
fungi. 

(3) In the first stages of decomposition of green clover, numerous 
fungi develop. Some of these fungi are very destructive to seedlings. 

(4) Oil seeds as a class are very easily damaged by fungi. Starchy 
seeds, on the contrary, are very resistant. 

(5) Cotton seed and soybeans are examples of seeds extremely sensitive 
to green manuring. The germination of flax, peanuts, hemp, mustard, 
and clover is reduced in the presence of decomposing plant tissue, but 
not to as great a degree as that of cottonseed or soybeans. The germina- 
tion of buckwheat, corn,oats, and wheat is not affected by green manures. 

(6) The damage to oil seeds from green manures is confined largely to 
the first stages of decomposition. Experimental evidence shows that 
two weeks after green manure is added it does not cause any serious 
injury to the germination of oil seeds. 

(7) Small applications of calcium carbonate seemed to increase the 
injury to germination. 

(8) The rate of germination determines to a certain extent the degree 
of injury. Slow germination is marked by a high percentage of diseased 
seedlings. 
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PLATE LXXXIII 


Cotton seedlings, showing the effect.of green manures on their growth: 


Fig. 1.—A, B, Control; C, D, 1 per cent of chopped green oats added to the soil; 
E, F, 1 per cent of chopped green clover added to the soil. 

Fig. 2.—Effect of planting immediately after plowing under green manure: A, B, 
Control; C, D, 0.25 per cent of green manure added to the soil; E, F, 0.5 per cent of 
green manure added to the soil; G, H, 1 per cent of green manure added to the soil; 
I, J, 2 per cent of green manure added to the soil. 

Fig. 3.—Effect of planting 2 weeks after plowing under green manure. A, B, 
Control; C, D, 0.25 per cent of green manure added to the soil; E, F, 0.5 percent of green 
manure added to the soil; G, H, 1 per cent of green manure added to the soil; J, J, 2 
per cent of green manure added to the soil. 

Fig. 4.—Effect of the depth of green manure on germination: A, Green manure 
placed in the bottom of the pot; B, green manure placed at the top of the pot; C, 
green manure placed in about the middle of the pot. 

Fig. 5.—Effect of sterilized and unsterilized oats used as a green manure: A, Con- 
trol; B, 1.5 per cent of oats added and the mixture sterilized; C, 1.5 per cent of oats 
added without sterilization; D, 3 per cent of oats added and the mixture sterilized; 
E, 3 per cent of oats added without sterilization. 

Fig. 6.—Effect of Rhizoctonia sp. on germination in the presence of green manure: 
A, B, Control; C, D, sterilized soil treated with green manure; E, F’, sterilized soil 
inoculated with Rhizoctonia sp. from potatoes; G, H, sterilized soil treated with 
green manure and inoculated with Rhizoctonia sp. from alfalfa. 





Relation of Green Manures to Failure of Seedlings PLATE LXXXIll 
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PLATE LXXXIV 


Clover, flax, and cotton seedlings, showing the relation of green manures to germina- 
tion in sterilized and unsterilized soil: 


Fig. 1.—Clover: A, control; B, 1.5 per cent of chopped green oats added and the 
mixture sterilized; C, 1.5 per cent of chopped green oats added and the mixture not 
sterilized; D, 3 per cent of chopped oats added and the mixture sterilized; E, 3 per 
cent of chopped oats added and the mixture not sterilized. 

Fig. 2.—Clover: A, control; B, 1.5 per cent of chopped clover added to the soil 
and the mixture sterilized; C, 1.5 per cent of chopped clover added to the soil and the 
mixture not sterilized; D, 3 per cent of chopped clover added to the soil and the 
mixture sterilized; E, 3 per cent of chopped clover added to the soil and the mixture 
not sterilized. 

Fig. 3.—Flax: A, control; B, 1.5 per cent of chopped oats added to the soil and the 
mixture sterilized; C, 1.5 per cent of chopped oats added to the soil and the mixture 
not sterilized; D, 3 per cent of chopped oats added to the soil and the mixture steri- 
lized; E, 3 per cent of chopped oats added and the mixture not sterilized. 

Fig. 4.—Flax: A, control; B, i.5 per cent of chopped clover added and the mixture 
sterilized; C, 1.5 per cent of chopped clover added to the soil and the mixture not 
sterilized; D, 3 per cent of chopped clover added to the soil and the mixture sterilized; 
E, 3 per cent of chopped clover added to the soil and the mixture not sterilized. 

Fig. 5.—Cotton: A, control; B, soil sterilized; C, 1 per cent of chopped clover 
added to the soil and the mixture not sterilized; D, 1 per cent of chopped oats added 
to the soil and the mixture not sterilized; E, 1 per cent of chopped clover added to 
the soil and the mixture sterilized; F, 1 per cent of chopped oats added to the soil 
and the mixture sterilized. 

Fig. 6.—Cotton: A, control; B, 1.5 per cent of chopped clover added to the soil 
and the mixture sterilized; C, 1.5 per cent of chopped clover added to the soil and the 
mixture not sterilized; D, 3 per cent of chopped clover added to the soil and the 
mixture sterilized; E, 3 per cent of chopped clover added to the soil and the mixture 
not sterilized. 








A NEW SPRAY NOZZLE 


By C. W. Woopwort, 
Entomologist, Agricultural Experiment Station of the University of California 


INTRODUCTION 


A new principle has been discovered in nozzle construction whereby a 
flat spray can be produced with a uniform distribution of the water com- 
parable to that of the hollow cone of spray from a cyclone nozzle. 
Hitherto all flat sprays have been of lenticular section, breaking up into 
fine mist on the sides and into relatively coarse drops in the center. It 
was observed that the flat spray produced by two impinging streams 
was at right angles to the original plane of motion of the two streams, 
but when the streams failed to meet squarely the plane was shifted and 
could, in fact, be moved through an are of 180° with a very great change 
in the distribution of the water currents. It requires only a slight 
angular deviation to decrease very perceptibly the coarseness of the 
central drops, producing greater uniformity, and a position can be 
reached in which the coarsest drops are on the edge, those in the center 
therefore being the finest. 

The principle finally discovered was that when two streams meet 
across half their section the resulting sheet of spray will be of practically 
uniform thickness throughout, occupying a plane 45° from the plane of 
the streams and finally breaking up into drops of great fineness and 
uniformity. 

PRODUCTION OF SPRAY 


There are two causes that may act in the production of spray par- 
ticles: (1) Friction, which may cause an eddy along the edge of the 
stream sufficient to break the surface tension and allow the small eddying 
masses to fly off from the column of water; and (2) divergence of the 
direction of motion of the particles, resulting in the thinning out of the 
water mass in the form of irregular sheets until the surface film finally 
gives way and the sheet of water is suddenly converted into drops. 

Both methods may be seen in the breaking up of the stream from a 
simple nozzle where, from the sides of the solid column of water, very 
minute particles of mist are given off, while the velocity and friction are 
great. With decreasing velocity farther on the eddies become larger, 
the mist gradually becomes coarser, and, finally, as the spread of the 
stream makes it break up into irregular sheets of water, the size of the 
drops produced by the second process results in an intermingling of 
drops of all sizes. At first the drops are very accurately graduated, 
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those of the same size being produced at the same distance from the 
nozzle, but when the second process replaces friction as a cause of spray 
production, irregularity results, owing to the irregular shapes of the 
water sheets. 

In a cyclone nozzle the stream at once diverges widely in the form of 
a hollow cone. Friction plays no part in the production of the spray, 
but the cone increases so rapidly in diameter that the liquid soon becomes 
a very thin sheet of unvarying thinness all the way around, and breaks 
into a uniformly fine mist. The uniformity may be assumed from the 
fact that on all sides the sheet extends an equal distance from the orifice 
before breaking into a spray, and experimentally can be shown to exhibit 
to an equally high degree both fineness and uniformity. 

Figure 1 expresses in a diagrammatic form the facts shown by the 
photographs. The circles show the actual positions of the orifices in 


A B c 
Fic. 1.—Diagram showing the characteristic differences between the three forms of impinging-stream 
nozzles. 
each case and the black transverse marks give the effect of the impinging 
streams; the water remains thickest in the middle in C, thickest at the 
edges in A, while in B it is spread out evenly. 

Above, the black portion indicates the water sheet, the sizes of the 
spots along the margin indicate the sizes of drops produced at these 
points, and the approximate velocity of the drops is shown by the length 
of the lines radiating from these spots. 


SPRAYS PRODUCED BY IMPINGING STREAMS 


The actual movement of the water in forming a spray through the 
impact of two streams is shown in Plate LXXXV and Plate LXXXVI, 
figure 1. It was not found practicable to secure the successive pictures 
with sufficient rapidity to show more than two steps in the forming spray, 
but by interpolating, a fairly satisfactory series was obtained. The 
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right-hand nozzle is of the common type where the streams impinge 
squarely. The middle nozzle is of the new typé, but not strictly com- 
parable with the former, since the streams come together at a broader 
angle, making a wider spray. Indeed, when the spray is under full 
pressure (Pl. LXXXVI, fig. 1) the spread is too wide, producing a 
lateral dribble and marginal fringe of spray. The left-hand spray is 
intermediate in angle and spread and gives the fish-tail effect. 

The contrast is shown from the first illustration, the fish tail having 
thick marginal zones and the other two thick central zones, much shorter 
in the middle nozzle. In Plate LXXXVI, figure 1, where the spray 
sheets assume their normal proportions under high pressure, the large 
size of the white patch in the middle corresponds to the better final dis- 
tribution of the spray particles. The irregularity of the spot shown on 
the left of this white patch is due to an irregularity in the orifice on the 
opposite side. 

In Plate LXXXVI, figure 2, which shows the result of a sudden de- 
crease of pressure, the character of the water sheets becomes especially 
evident, since they are increased greatly in size and the production of 
spray almost ceases. 


ADVANTAGE OF A FLAT SPRAY 


The cyclone nozzle leaves nothing to be desired in the way of fineness 
and uniformity of spray, but it has the disadvantage of making a ring 
of spray which surrounds instead of touching the object towards which 
the nozzle is directed. It is very difficult for one handling the nozzle 
to keep in mind the fact that the spray is strictly limited to the visible 
parts of the cone. A flat spray, on the other hand, reaches the point 
aimed at and is more available for treating branches of trees, for exam- 
ple, where the desire is to concentrate the spray on a line. For general 
spraying also the use of a flat spray, like the use of a flat brush for paint- 
ing, gives uniform results more quickly and easily. For these reasons, 
while no other nozzle on the market produces a flat spray comparable in 
quality to the spray produced by the various types of cyclone nozzles, 
they are, nevertheless, more extensively used than the cyclone nozzles. 


ADVANTAGE OF UNIFORMITY AND FINENESS 


The use of nozzles of the flat type is generally acknowledged to be 
for the purpose of securing the flat shape of spray fan and is not a rejec- 
tion of the principle that a uniformly fine spray is the most desirable. 
In fact, the use of these nozzles is generally associated with the use of 
high pressures, whereby the defects of a poor grade of nozzle are less 
apparent. The particular advantage of fineness is that it makes possible 
the even distribution of the spray material. 

Fineness involves evenness. In a nozzle giving coarse drops, part of 
the material is in a finely divided state, and the improvement in a spray 





1180 Journal of Agricultural Research Vol. V, No. 2g 





nozzle comes through decreasing the size of all but the smallest particles 
and thus increasing the proportion of minute particles until, as in the 
cyclone nozzle, practically all of the material is in the most finely divided 
state and is therefore also uniform. ‘This improvement can be produced 
by increasing the pressure or decreasing the size of the stream. Under 
the same pressure a nozzle with a large orifice gives coarser drops than 
a similar nozzle with a small orifice. Therefore, where a larger volume 
of spray is desired, it has been the practice to duplicate the nozzles 
rather than enlarge them, giving clusters of nozzles; but where high 
pressure is available, large nozzles, particularly those of the better type, 
may be used. With extreme pressures, such as were employed in the 
gipsy-moth work and in the walnut spraying in California, a nozzle of 
the poorest quality and rather large size Has proved to be practical. 
In nearly all cases the desirability of fine and uniform sprays, in order to 
secure evenness of distribution, has been recognized. It is possible, 
however, that under some circumstances a driving spray may be de- 
sirable, and this can be secured only by the use of less efficient nozzles. 


VARIATION IN FINENESS 


The sizes of the smallest drops in a spray are not necessarily the same, 
particularly when made by the breaking up of a sheet of water. By a 
change in the proportions of the eddy chamber in a cyclone nozzle or 
by a change in spraying pressure the diameter of the cone at the point 
of breaking can be changed, and the drops will remain uniform, but will 
be of a different size than before. In the new type of nozzle here 
described the angle of impact and the spraying pressure exert similar 
effects, and a series of nozzles can be produced covering much the same 
range obtainable in a cyclone nozzle and distinguishable by the width 
and length of the fan. 

Only relatively small drops in the spray in either case are obtained, 
and these show great uniformity, the variation in size being inside of 
rather narrow limits. 

The new type of nozzle is the form in which the spray is in a plane 
inclined at the angle of 45° from the plane of the impinging streams, 
but between that and the usual style, having the spray in a plane go°® 
from that of the streams, there is the possibility of any number of inter- 
mediate forms that present any desired degree of uniformity in the size 
of the drops. Should a compromise nozzle giving a driving spray with 
greater uniformity than in the existing nozzles be desired, it can readily 
be constructed. The same could be secured by a disproportion between 
the sizes of the two streams, and in this case the coarser portion would 
be at one edge instead of at the center of the fan. This form might be 
desirable for some spot-spraying for scale insects, and it might be desirable 
to have a means of controlling the size of one of the streams. 
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WHERE THE NEW NOZZLES ARE IMPRACTICAL 


Because the spray must first be separated into two streams in this 
type of nozzle it becomes particularly liable to clogging and should not 
be used for any spraying where there is any such tendency—e. g., with 
Bordeaux mixture. 

Most of the spray materials now used, however, are clear solutions 
and give no trouble in the nozzle. 


LONG- AND SHORT-DISTANCE NOZZLES 

When the angle is widest between the impinging streams, the angle 
of the fan is likewise widest, the drops finest, and the carrying distance 
of the spray the shortest. 

An acute angle between the impinging streams produces a very nar- 
row spray which carries a longer distance, but may perhaps finally reach 
nearly as great a width as that of the rapidly spreading short-distance 
spray. 

Some prefer a long-distance nozzle and use it close to an object, as 
where spot spraying on a tree trunk is desired. The new type of nozzle 
lends itself very readily to adjustment to any degree of distance, from 
the shortest to nearly the longest found in spray nozzles. 


ADJUSTMENT 


Any form of two-stream nozzle, like that known as the calla, or 
lily, nozzles, can be quickly converted into a nozzle of the new type by 
the use of a reamer, slightly enlarging the two apertures on opposite 
sides by working the instrument obliquely to the surface of the nozzle 
and trying it from time to time until the spray sheet stands at 45°. 

The same process will enable one to adjust a nozzle at any time should 
it wear irregularly enough to change the angle of the spray fan. The 
shape of the fan is a good index of the correct adjustment. If the angle 
is just right, the fan is triangular; if less than 45°, it is shortest in the 
center and the spray is coarser at the ends. If the angle is more than 
45°, the fan is longest in the center and the spray coarsest at this point. 

With care the reamer can be so used as to effect the change in the 
stream without enlarging the hole at the surface, and, therefore, not 
changing the volume of discharge. It may be possible to change the 
angle of the spread of the fan by reaming out beneath on the side adja- 
cent to or opposite the other hole. One should continually try a nozzle 
while adjusting it, so as not to carry the work too far. 


SUMMARY 


(1) A new principle employed in nozzle construction will produce a 
flat spray with the qualities of a cyclone nozzle. 

(2) A uniform sheet of water breaking along its edge produces drops 
of uniform size. 
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(3) A flat spray is more easily directed and produces a more uniform 
distribution than the cone of spray from a cyclone nozzle. 

(4) Uniformly fine drops of spray aid in securing uniformity of dis- 
tribution. 

(5) The new nozzle allows some variation in size of spray. 

(6) It also may be made into a long- or short-distance nozzle. 

(7) It can be easily constructed by modifying existing nozzles and 
may be adjusted if it becomes worn. 











PLATE LXXXV 


The beginning of the spray from three kinds of nozzles, as photographed with 
a moving-picture camera. 





New Spray Nozzle PLATE LXXXV 
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New Spray Nozzle PLATE LXXXVI 
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PLATE LXXXVI 


Fig. 1.—The appearance of spray from three kinds of nozzles as full pressure is 
applied (a continuation of Plate LXXXV). 


Fig. 2.—Two stages at the end of the spray as the pressure is reduced. 

















A NEW INTERPRETATION OF THE RELATIONSHIPS OF 
TEMPERATURE AND HUMIDITY TO INSECT DEVEL- 
OPMENT 

By W. Dwicut PIERCE, 


Entomological Assistant, Southern Field Crop Insect Investigations, Bureau of 
Entomology 


INTRODUCTION - 


Upon the proper interpretation of the laws of climatic control of life 
rests the solution of many practical problems, and inasmuch as all 
plant and animal life reacts to climate in the same general manner it is 
apparent that the study of the climatic control of insect development 
may throw light upon the problems of all other forms of life. It has 
been apparent to some workers in the field of ecology that our so-called 
laws of effective temperature were deficient in many respects. A large 
number of phenomena were not properly explained by any known theory. 
It is with the hope that the present interpretation may come closer to 
the truth that this paper has been prepared. 

Biologists for years were laboring with the theory of a fixed zero of 
effective temperature for all life, and only recently was it accepted that 
each species might have a different zero. It has been the custom to 
determine the thermal constant for any given activity by multiplying 
the number of effective degrees accumulated above the effective zero in 
daily units of mean temperature by the time in which the given phe- 
nomenon took place. The noneffective low temperatures were elimi- 
nated, but. not the time in which they were experienced. Inasmuch as 
most workers were located in north-temperate climates, where high 
noneffective temperatures seldom occur, it had not occurred to them 
that some high temperatures might not be effective and that there was 
another boundary to the effective zone besides the zero. These high 
temperatures and the time in which they are experienced must be elim- 
inated. In addition to all of these errors in method, there has been no 
correlation of the humidity factor until very recently, although now 
many workers are trying to solve the part played by this factor. 

The principal data upon which the writer has based his studies in- 
clude records of thousands of individual boll weevils (A nthonomus grandis 
Boh. and A. g. thurberiae Pierce), made by the members of the boll-weevil 
force under the direction of Mr. W. D. Hunter and the writer at various 
localities in Texas, Louisiana, and Arizona throughout the period of 
years from 1902 to 1915. At each place where biological notes were 
made a thermograph-hygrograph rgcord was kept, and this record was 
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checked twice daily by maximum and minimum thermometer and sling- 
psychrometer readings. The means of temperature and humidity are 
based upon these records. In addition to the natural records, a series of 
artificial-cold experiments were conducted at various times, and the 
writer recently conducted an extensive series of artificial-heat experiments 
with definite humidity control in order to determine the effects of heat. 


EXPERIMENTAL METHODS 


Before venturing to present this new interpretation the writer has 
thoroughly discussed it with many prominent workers, and it is now 
proposed for more extensive criticism and elaboration. 

To express the relationship of the two factors, temperature and 
humidity, to insect metabolism, development, and activity, a tempera- 
ture scale may be marked off on the vertical line of a sheet of plotting 
paper and a humidity scale from left to right on the horizontal line. 
There are, for any given insect, definite boundaries of atmospheric tempera- 
ture and humidity within which the life of the species revolves. There isa 
temperature below which, even for the shortest time, life is impossible— 
the absolute minimum fatal temperature. There is also a temperature 
above which, even for a moment, life is impossible—the absolute maxi- 
mum fatal temperature. Absolute dryness is more or less prohibitive 
of life and so is absolute humidity, or saturation, although some insects 
may be adapted better to withstand extremes of humidity than others. 
It is quite possible that the boundaries of humidity may be o and 100 
per cent, or infinitesimally close thereto. 

The diagrammatic figure sought, however, has four definite absolute 
boundaries—the maximum and minimum temperatures and humidities. 

Within the limits which we have thus defined there exist conditions 
under which all the activities of the species reach their maximum effi- 
ciency. It has been conceived by most writers that this maximum 
efficiency was reached at a definite point known as the optimum. It 
seems more likely that it will prove to be a zone of humidities and 
temperatures of more or less restricted area. A careful study of the records 
of any species, charting for the time required for each activity and the 
temperature and then similarly for humidity, will disclose temperature 
and humidity points of maximum efficiency. With the boll weevil 
these points lie approximately near 83° F. and 65 per cent of relative 
humidity. 

ZONES OF CLIMATIC RELATIONS 


At any ordinary humidity, starting with the absolute minimum fatal 
temperature, as the temperature inereases a longer and longer time of 
exposure is required to kill, until a point is reached at which life con- 
tinues indefinitely. This zone of temperatures has been called the 
zone of fatal temperatures. 
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As the temperature continues to rise it passes through a zone of 
ineffective temperatures, known commonly as the zone of hibernation, 
which the writer will shortly prove to be an inappropriate term. At the 
lowest temperatures in this zone complete dormancy without metab- 
olism is found; but as the temperature increases a gradual approach to 
sensibility is noted, first metabolism, next movement, and then the 
necessity of feeding. The point at which metabolism or growth begins 
at a given humidity is the zero of effective temperature. 

As the temperature increases above this zero the activity is at first 
very sluggish, but becomes more and more active until the so-called 
optimum is reached, and from this point upward the temperatures cause 
less and less activity, inducing stupor and finally sleep or coma. 

At the point of coma begins the zone of ineffective temperatures 
formerly known as estivation. With the increase of temperature sleep 
becomes more and more sound until a point is reached at which death 
occurs after long exposure. At this point begins the zone of high fatal 
temperatures at which death occurs at shorter and shorter periods until 
it is instantaneous at the absolute maximum fatal temperature. This 
completes the vertical cross section of the figure desired. A statement 
regarding these vertical zones was first published by the Bureau of 
Entomology in 1912.1 

In the past, however, the fact that a similar horizontal cross section 
at any temperature can be made, starting at absolute dryness and reading 
toward absolute humidity, has not been recognized. In this manner are 
shown zones of fatal dryness, dryness causing stupor, increasingly effective 
humidity, the most effective humidity, decreasingly effective humidity, 
excessive humidity causing drowsiness, and finally fatal humidity, at 
least under certain conditions of exposure. 

In the case of the boll weevil the resulting figure is a series of con- 
centric ellipses centered about the optimum and with diagonal axes. 
On the accompanying diagram the main details of the relations of tem- 
perature and humidity to the boll weevil are brought out. Only a few 
of the more salient records are included. The development in buds 
(cotton squares) is based upon hundreds of individual records, but is not 
reported in detail. The outer lines are much less definitely located 
than the inner ones, but whatever their actual location the picture 
would be substantially the same. 


EFFECTIVE TEMPERATURE 


Workers who have used the zero of effective temperature in their 
studies will note that, according to the present theory, the zero when 
charted is an elliptical curve representing a different point at each degree 





1 Hunter, W. D., and Pierce, W. D. Mexican cotton-boll weevil. 62d Cong., 2d Sess., Sen. Doc. 305 
(U.S. Dept. Agr. Bur. Ent. Bul. 114), p. 125-128. 1912. 
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Fic. 1.—Graph showing the relations of temperature and humidity to cotton boll-weevil activity 





Mar. 20, 19:5 Temperature and Humidity and Insect Development —_1187 








of humidity. Because of the difficulty of computing this zero, the writer 


has been requested to 70 DETERMINE 
describe his method UPPER BOUNDARY OF ZONE 


oe G2° GF? GF? O5°9E° 97° GB° 99°00" 


of computing effective 
temperatures. 

The first step is to 
tabulate all records of 
a given mean percent- 
age of humidity on a 
singlesheet. The zone 
of effective tempera- 
tures must be worked 
out separately at each 
degree of humidity. 
Only by a laborious 
series of testings can 
the first zero be ap- 
proximated, unless the 
worker finds it by a 
fortunate chance. 
The total effective 
temperature is the cri- 
terion by which we 
finally know when we 
have rightly defined 
the limits of the zero. 
This is known as the 
thermal constant and 
is the multiple of the 
mean of the effective 
temperatures (be- 
tween the zero and 
the absolute), figured 
in day units, by the 
time in which these 
effective temperatures 
were experienced. 
Noneffective temper- 
atures, whether high 
or low, and the time 
in which they were 
experienced must be Si 
eliminated. The fio. 2—Graph showing the method of determining the zone of 
zone of effective tem- effective temperatures at a humidity of 56 per cent. 
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difference in the total effective temperatures is reduced to a minimum. 
At the start some arbitrary zero must be chosen and the effective tem- 
peratures computed above this. Then it is necessary to remove degree 
by degree at the top or bottom and note each time whether the differ- 
ence in the total effective temperatures becomes larger or smaller. This 
process may be charted so that the general tendency can be seen. The 
figures found in the writer’s attempt to establish the zone of effective 
temperatures for the boll weevil at 56 per cent humidity will illustrate 
the manner in which the points desired were ascertained. These results 
are presented in figure 2, and it will be seen that the first tentative zone 
chosen was 51° to 100° F._ By much testing it was narrowed to within 
the limits of 75° to 92° F., for which the optimum is practically 83.5°. 

Having obtained the limits of the zone, the records of development 
in cotton squares at a mean humidity’of 55.9 per cent to 56.9 per. cent, 
made at Victoria, Tex., in 1913, by Mr. B. R. Coad, of the Bureau of 
Entomology, are as shown in Tables I and II. 


TABLE I.—Records of development of Anthonomus grandis at Victoria, Tex., in 1973, 
at a humidity of 55.9 to 56.9 per cent 

| | | Number of | 

weevils ob- Actual temperature, 

served. 





Date of 
ovipo- 
sition. 


Time of 
maturing. Abso- 

lute 
maxi- 
mum. 


Mean hu- 


Experiment. midity. 


Male. | Female. 








Per cent. | “7 
56.1 
50.4 
56.6 
56.9 
55°9 


PRESE™ 
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Mean.... 56.2 Total. 8 | 
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TaBLE II.—Records of development of Anthonomus grandis at Victoria, Tex., in 1913, 
in the zone of effective temperatures, 75° to 92° F. 





Period Mean } 
daily Total |; 


2a 3a 4a 5a 6a 74 8a 9a 104 | 11a 
| 


ee Sitiesshie experi- | Total | Mean , a Humid: 

encing | effective |effective thermal | “fective effective | 

effective} weevil | temper- aanite temper- | temper- | 
temper-| days. ature. ° ature. ature. 

ature. units. 


Effective ity plus 

effective 
temper- 
ature. 


Experi- 


ber im 
ment. of Hine 


weevils. units, 


Days. 
8.19 
8.18 
8. 86 






































@ Column 4 is product of columns 2 and 3. Column 5 is computed from the actual records. Column 6 is 
the product of 2and 5. Column 81s the product of 2and 7. Column 9 is 7 minus the zero(75° F.). Column 
10 is the product of columns 5 and 9. Column 11 is the sum of columns 3 and 7. 
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From these tables it will be seen that the effective period of develop- 
ment is from 8 to 10 days, averaging 8.43 days, while the actual develop- 
ment ranged from 13 to 16 days. It is noticeable that in all of the 
records the maximum as well as the minimum temperatures ran outside 
of the zone of effective temperatures. The total effective temperature 
ranged from 72° to 83° F., with 73.3° as the weighted mean and with a 
total difference of only 10.84°, a very small difference. 

It is not necessary in this paper to give the further details of the zone of 
effective temperatures at other humidities. The determination of the 
zone for the next percentage of humidity is much less difficult, because it 
must be just a little narrower or a little wider than already determined. 
As the axis is diagonal, the upper and lower bounds will depart at a 
different rate. After several points have been determined, the axis can 
be located and then the figuring becomes very simple. It must be noted 
that every hour of effective temperature has its cumulative effect, even in 
the winter time. 

ZONE OF INACTIVITY 


One of the results of the acceptance of the present interpretation will be 
the necessity of discarding the conception of separate zones of hibernation 
and estivation. Physiologists have demonstrated that the effects of heat 
and cold on metabolism are alike. The writer has frequently noticed in 
field work the impossibility of differentiating between a frozen and a heat- 
killed boll-weevil larva. Prof. G. G. Becker, of Arkansas Agricultural 
College, several years ago observed that the fall army worm, Laphygma 
frugiperda S. and A., had two periods of activity and two of inactivity 
every day in the hot daysin the Ozarks. Activity began in the morr- 
ing and continued until the early part of the afternoon, when the heat 
caused the worms to be inactive for several hours. They then again 
became active during the early hours of the night, but the nights were 
cold and the worms became inactive until morning. The phenomena 
of a year were reproduced day by day. Inactivity due to cold in the 
summer time can not properly be called hibernation. 

In Arizona the boll weevil is now native on wild cotton (Thurberia 
thespesioides). It normally breeds in the bolls in ‘he fall, becoming adult 
by December 1, but remains in its cell throughout the cold winter and the 
warming spring. In some canyons there is a spring rainy season and 7. 
thes pesioides has a spring fruiting season. In these localities the moisture 
also releases the weevils from their cells and they begin breeding. A dry 
season follows and the weevils go to sleep. In other canyons the spring is 
not wet and the plants and weevils are inactive until the regular rainy 
season in August, when the long rest is broken. In some canyons the 
weevils therefore have two resting periods during the year, and in other 
canyons they are at rest from fall until summer. It not infrequently 
happens that the August rainy season does not materialize, and under 
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such circumstances the weevils stay in their cells and the plants remain 
dormant until the next year or perhaps for several years. As evidence of 
this the writer kept several of these weevils over 500 days without food or 
water, and one lived 626 days, dying only when moisture invaded the 
room where it was kept. 

Hunter, Pratt, and Mitchell’ record the unusual ability of larve 
of Hermetia chrysopila Loew, a cactus scavenger fly, to withstand long 
periods of drought. Larvein various stages of development were kept 
for more than 15 months without food and developed readily later 
when food was supplied. The very leathery integument seems to pro- 
tect the insect against desiccation, and in other ways the larva has evi- 
dently adapted itself to long periods of waiting for favorable food, 
which, in the arid regions, depends upon the infrequent rains. Both 
of these instances are more properly resting periods due to dryness than 
to cold or heat. 


NOMENCLATURE OF CLIMATIC EFFECTS ON LIFE 


As charted, there are three elliptical zones which express the three 
principal effects of climate on life, viz, activity, inactivity, and death. 
The zone of activity may be known as the ‘‘thermopractic”’ zone (Oepuds, 
meaning heat, plus rpaxrixés, meaning effective). The zone of inactivity 
may be known as the zone of ‘‘anesthesia”’ (4vavc@yoia, meaning insensi- 
bility). The zone of death may be known as the “‘olethric’’ zone (dd€@pw0s, 
meaning deadly). The region of greatest activity may be known as the 
“practicotatum”’ zone (rpaxrixwrarov, meaning most effective). 

Many phases of climatic effects have been differentiated, and medical 
literature abounds in words descriptive of these effects. For some 
effects no words are available. The writer has thought it best to present 
a complete and consistent system of nomenclature, based on the Greek, 
using all words already in the language, and only supplying new words 
where none are now available.” 

It may be convenient to refer to the most effective temperature or the 
most effective humidity, in which cases we may use the words “‘ thermo- 
practicotatum” or “hygropracticotatum.” 

The awakening from sleep is termed ‘“‘anastasis” (avaorao.s). We 
can therefore speak of ‘‘thermanastasis” and “‘hygranastasis,”’ depending 
on whether the awakening is caused by a change of temperature or a 
change of humidity. 

Heat, moisture, dryness, or cold added to the “‘ practicotatum”’ will cause 
sluggishness. We have to indicate this condition the term ‘‘nochelia”’ 





1 Hunter, W. D., Pratt, F.C., and Mitchell, J. D. The principal cactus insects of the United States, 
U.S. Dept. Agr. Bur. Ent. Bul. 113, p. 38-39. 1912. 

2 New Standard Dictionary. 1913. 

Gould, G.M. An Illustrated Dictionary of Medicine, Biology and Allied Sciences . . . ed. 6, with. .. 
Sup... 1633, 571 p., Philadelphia, r9r10. 
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(vwxéXerca, meaning sluggishness) and can show the type of sluggishness 
by the addition of a prefix, as ‘‘thermonochelia,”’ ‘“ hygronochelia,”’ 
“‘xeronochelia,” and ‘‘ rhigonochelia.”’ 

At least three of these factors produce under extreme conditions a 
stifling sensation, and we may express this by the terms ‘‘thermopnigia,”’ 
“xeropnigia,” and ‘‘hygropnigia”’ (rviyos, meaning stifling). 

The stifling sensation ends in complete insensibility, or anesthesia, 
and this word may be modified to express the cause, as in the term “‘ther- 
manesthesia,” “‘hygranesthesia,” ‘“‘xeranesthesia,” and “‘ rhiganesthesia.”’ 

Death from heat is known as thermoplegia (x\ny}, meaning stroke), 
while from excessive moisture it may be known as “hygroplegia,” and 
from freezing, as “‘ rhigoplegia.”” Death from drying is known as “‘apoxe- 
raenosis”’ (amognpaivw, meaning to dry up). 

The determination of locomotion by heat is called ‘‘thermotaxis,’’ and 
movement brought about by heat is called “‘ thermotropism.” 

Unusual sensibility to heat is called “‘thermalgesia’’ and ‘“ hyperther- 
malgesia.”” The ability to recognize changes of temperature is “‘ ther- 
mesthesia,” and its extreme is designated as ‘‘thermohyperesthesia,”’ 
abnormal sensitiveness to heat “‘stimuli.”” Fondness for heat or requir- 
ing great heat for growth is called ‘‘ thermophilic,” while resistance to 
heat is called ‘‘thermophylic.’”’ Rapid breathing, owing to high temper- 
ature, is designated as ‘‘thermopolypnea,” contraction under the action 
of heat as ‘‘thermosystaltic,”’ adapting the bodily temperature to that of 
the environment as “ pecilothermal,’”’ and a morbid dread of heat as 
“thermophobia.” 

The life after apparent death, called ‘‘anabiosis,’’ is exemplified in such 
cases as that of the Hermetia larve mentioned above. 

Pain from the application of cold is called ‘‘cryalgesia,” abnormal 
sensitiveness to cold “‘cryesthesia,’’ and a morbid sensitiveness to cold 
“ hypercryalgesia.”’ 

PRACTICAL APPLICATIONS 


Many practical measures will result from the further study of climatic 
relations to life. A few of these may be indicated. 

One of the most effective measures for the control of the cattle tick is 
pasture rotation based upon the possible duration of life of the seed tick 
without an animal host. As this period varies with the season, it is 
necessary to know the climatic laws under which this species reacts. 

The fall army worm advances across the country and again retreats 
in complete accord with changing temperatures. The proper fixation 
of the zone of effective temperature may make it possible to plan the 
planting of winter crops to avoid damage. 

The cotton boll weevil must have food up to the time that it enters 
hibernation. Early harvesting and destruction of stalks before the low 
temperatures set in offer one of the most satisfactory methods of control. 
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currence of Tumors in the Domestic Fowl 397-404 
Cydonia vulgaris, host plant of Roestelia 
koreaensis 


495420 
242-245 





Page 
Cylindrosporium pomi, effect of low tempera- 


Cystopus candidus— 
parasite of Lepidium virginicum 
perennial mycelium in 


Dactylis glomerata— 
host plant of Puccinia phleipratensis 21I-215 
Danthonia compressa, host plant of Comandra 
umbellata 
Diabrotica vittaia, agent in spread of bacterial 
Si wisatvesoracneaabreeseuleeeuiee soese 
Diastase— 
in apple flesh, results of tests for 
presence of, in apple juice 
Dipsacus fullonum, host plant of Peronospora 
dipsact 
Dissemination of Bacterial Wilt of Cucurbits 
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cerebrum, parasite of Pinus divaricata 
comptoniae, parasite of Pinus (murrayana) 

coniorta 
Silamentosum— 
causal organism of disease in forest nur- 
series 781-785 
parasite of— 
Castilleja miniata 
Pinus contorta 
Pinus ponderosa 
montanum, parasite of Pinus murrayana... 
pbyriforme— 
ecial form of Cronartium pyriforme 
parasite of— 
Comandra umbellata 
Pinus arizonica..........4+ ecesecceseds 
Pinus divaricata «es 133, 289-290 
Pinus (murrayana) contorta...... 133,289-290 
Pinus ponderosa....... weseunene eeenwhe 133 
Pinus ponderosa scopulorum 133, 290 
Pinus pungens 
Pinus rigida 133, 289-290 
two new hosts for........ ena halénenedd 289-290 
spp., parasites of Quercus spp 

Peronosporaceae, relation of perennial myce- 
lium in, to Phytophthora infestans 

Peronos pora— 
alsinearum, parasite of Stellaria media... 59, 
dipsact, parasite of Dipsacus fullonum 
effusa— 

parasite of— 
Atriplex hortensis 
Spinacia oleracea 
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Peronospora—Continued. 
Sicariae— 
parasite of Ranunculus ficaria 
perennial mycelium in 
grisea, parasite of Veronica lederaefolia... 
parasite of Lepidium virginicum 
parasitica— 
perennial mycelium in 
rumicis, parasite of Rumax acetosa 
schachtii, parasite of Beta vulgaris 
viciae— 
parasite of Vicia sepium 
perennial mycelium in 
Persea gratissima, host fruit of Ceratitis capi- 


Page 


59,67, 68 


Petrography of Some North Carolina Soils and 
Its Relation to Their Fertilizer Require- 
ments (paper) 

Pezoporus tenthredinarum, parasite of Profe- 
nusa collaris 

Phaseolus vulgaris— 
absorption of boron by 
analysis of seeds and seedlings of 
effect of sulphur on growth of 
translocation of mineral constituents of.. 450-454 

Phleum— 
asperum, host plant of Puccinia graminis 


Phalaris canariensis, host plant of Puccinia 
graminis avenae 
Phoma betae, histological relations to seedlings 
of Beta vulgaris 
Physical factors, relation to transpiration.. 585-623 
Phytophthora— 
infestans— 
development of epidemics of 
epidemics of, caused by infected seed po- 


hibernation of, in Irish potato 
infection renewed by soil-borne conidia of. 97-08 
influence of temperature on growth of... 77-80 
mycelium of in the soil 96 
origin of 
parasite of Solanum tuberosum 
perpetuation of 
relation of perennial mycelium in species 
of Peronosporaceae to 
resting spores of 
omnivora, effect of low temperature on 
Pierce, W. D. (paper), A New Interpretation 
of the Relationships of Temperature and 
Humidity to Insect Development 
Pig, poisoning of, by cottonseed 
Pine. See Pinus. 
Pinus— 
contorta— 
host plant of— 
Peridermium filamentosum 
Peridermium pyriforme 
divaricata— 
host plant of Peridermium pyriforme... 133,290 
murrayana, host plant of Peridermium mon- 


1183-1191 


133) 289-290 


ponderosa— 
host plant of Peridermium filamen- 
133, 781 
scopulorum, host plant of Peridermium 
pyriforme 133, 290 





Pinus—Continued. 
pungens, host plant of Peridermium pyri- 


Page 


Pisum— 
arvense, effect of alkali salts on growth 
Giideutaciudstnuss ticceiorteaeeehens 22-24, 25ff 
sativum— 
absorption of boron by 
effect of sulphur on growth of 241-242 
Pitz, W. (paper), Effect of Elemental Sulphur 
and Calcium Sulphate on Certain of the 
Higher and Lower Forms of Plant Life.. 771-780 
Plasmopara— 
cubensis, parasite of Cucumis sativus 
halstedii— 
parasite of Helianthus divaricatus 
perennial mycelium in 
pygmaea, parasite of Hepatica acutiloba 
viticola, parasite of Vitis vinifera 
Plenodomus fuscomaculans— 
conditions of growth and reproduction of. 720-764 
effect of— 
acidity and alkalinity on 
aeration on 
air circulation on 724 
change of intensity of a factor on 
humidity in 
light on 
quality of food on 
quantity of food on 1377-742 
po errr soecoes 9257727 
growth of 
parasite of Malus sylvestris..c...ccceceecees 713 
pycnidium formation of 
Plowrightia morbosa, effect of low temperature 


734-737 


Plum. See Prunus. 

Plummer, J. K. (paper), Petrography of Some 
North Carolina Soils and Its Relation to 
their Fertilizer Requirements 

Poa— 
compressa, host plant of Comandra umbel- 


Pocketed heartrot. See Honeycomb heartrot. 
Pod, inheritance of length of, in certain 
crosses 405-420 
Pool, V. W., and McKay, M. B. (paper), Rela- 
tion of Stomatal Movement to Infection by 
Cercospora beticola IOII-1038 
Populus tremuloides, host plant of Comandra 
umbellata 
Potassium salts, effect on plant growth... 
Potato— 
beetle, Colorado. 
neata. 
Irish. See Solanum tuberosum. 
sweet. See /pomoea batatas. 
tuber-rots 183-210 
Potentilla mons peliensis, host plant of Coman- 
dra umbellata 
Pritchard, F. P., and Hubbard, P. (paper), 
Effect of Controllable Variables upon the 
Penetration Test for Asphalts and Asphalt 


5-6, 16ff 


See Leptinotarsa decemli- 
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Page 

Pritchard, F. P., and Reeve, C. S. (paper), A 

New Penetration Needle for Use in Testing 

Bituminous Materials........ Siedeches 1121-1126 
Prociphilus— 

aceris, description of 

alnifoliae, description of 

bumulae, description of............. éoeseen 

corrugatans, description of............. ere 

fraxini-depetalae, syn. Prociphilus vena- 


populiconduplifolius, description of........ 
poschingeri, description of...... wiihdvadiene III9 
1116, 1118 


Profenusa collaris— 
control of eee 5277528 
eccce §227524 
Ct eevee §207522 
CGN... oc cccccves eeeee 526-527 
NEED cc cacsesedecdscces iteenesaceds 524-526 
injury to Prunus spp. by....... jukevates 
PO NEY GE. ccccccccc cudeudsacecuns 
parasite of— 
Crataegus spp 
PUNERG UID: 66 6c cccccces 
Protease, determination of, in flesh of Malus 
sylvestris 
Protozoa, soil— 
activity of..... 
NE Ges cca cidcedavspesivccaceses 485-487 
separation of..... 137-140 
Prunus— 
pennsylvanica, host plant of Galerucella 
Bs cadcicncasasadaandce 
spp.— 
host plant of— 


+ 5197520 


+ IIZ-I14 


Profenusa collarvis.....0.cecceeeeeees 519-520 
dca cciccnsxcceccheuacs 365-366 
hybrids used in experiments with brown- 


relation of tannin content of, to resistance 
to Sclerotinia spp 
resistance of, to brownrot 369, 379-383, 387 
susceptibility of, to brownrot 387 
varietal resistance of, to brownrot 365-396 
Pseudomonas— 
campestris, effect of low temperature on.... 654 
radicicola, longevity of, under varying con- 
ditions 
Puccinia— 
graminis— 


avenae, parasite of cereals and grasses.. 213,215. 


hordei, parasite of grasses and cereals... 213,215 
phleipratensis, infection experiments with 211-216 

Pycnidium formation in Plenodomus fusco- 
713-769 


communis, host plant of Roestelia koreaensis . 
Sinensis, host plant of Roestelia koreaen- 
Mee ciecsnse weaudes dudsacabuadene see TOOS~1006 


Quercus— 
alba, character of honeycomb heartrot in. 422-424 
coccinea, host plant of Comandra umbellata.. 134 


1005 





Quercus—Continued. Page 
digitata, host plant of Comandra umbellata.. 134 
marilandica, host plant of Comandra umbel- 


nana, host plant of Comandra wmbellata.... 134 
spp.— 
honeycomb heartrot of 
host plant of— 
Peridermium spp 
Polyporus spp 
Stereum subpweatum 


421-428 


Radish. See Raphanus sativus. 

Rand, F. V. (paper), Dissemination of Bac- 
terial Wilt of Cucurbits 

Ransom, B. H. (paper), Effects of Refrigera- 
tion upon the Larvae of Trichinella spira- 


Ranunculus— 
fascicularis, host plant of Peronospora fica- 


ficaria, host plant of Peronospora ficariae... 64,67 
Rape. See Brassica napus. 
Raphanus sativus— 

absorption of boron by.............. eekans 

effect of sulphur on growth of 
Record, autographic transpiration 
Reeve, C. S., and Pritchard, F. P. (paper), 

A New Penetration Needle for Use in Test- 

ing Bituminous Materials 1121-1126 
Refrigeration, effect of, upon larvae of Trichi- 

nella spiralis 
Relation between Certain Bacterial Activities 

in Soils and Their Crop-Producing Power 


Relation between the Properties of Hardness 
and Toughness of Road-Building Rock 


Relation of Green Manures to the Failure of 
Certain Seedlings (paper) 1161-1176 
Relation of Stomatal Movement to Infection 
by Cercospora beticola (paper) 1011-1038 
Relation of Sulphur Compounds to Plant 
Nutrition (paper) 2337250 
Resistance, varietal, of plums to brownrot.. 365-396 
Respiration— 
calorimeter— 
conditions affecting and measurement of 
315-342 


++ 344-346 
302-304 
Respiration Experiments with Sweet Pota- 
+++ 5O9°SE7 
Respiratory exchange in respiration chamber, 
determination of 
Rhizoctonia sp.— 
effect of, on germination 1173-1174 
parasite of Solanum tuberosum 186, 201, 202 
Rhizopus nigricans, parasite of Solanum tu- 


Rhus copallina, host plant of Comandra um- 
WING cect vakcceee eoacuus Sbednaceveuceces 134 
Rice— 
polished, effect of feeding to pigs........ 
See also Oryza sativa. 
upland, ash composition of, at various stages 


+ 490-492 


Ricinus communis, composition of seed of... 1162 
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Page 
Riperot, occurrence of, in Prunus spp 388-389 
Road, concrete, apparatus for measuring the 
951-954 
Roasting-ear worm. See Heliothis obsoleta. 
Rock, road-building— 
relation between the properties of hardness 
and toughness of 
tests of 
Roestelia— 
koreaensis— 
occurrence of— 
im America. .....ccccccceccecsceses TOO47I006 
in Japan... 
in Oregon 
parasite of— 
Cydonia vulgaris. 1005 
Pyrus sinensis « 1003-1006 
relation of toGymnosporangium koreaense. 1004- 
1006 


Cee ewww eee eeeseereeesessees 


1004 
ccccccocccccccecscese SOQS72COO 


renee ewer eeeeeeeneees 


photiniae, syn. Gymnosporangium photiniae. 
Rommel, G. M., and Vedder, E. B. (paper), 
Beriberi and Cottonseed Poisoningin Pigs. 489- 


493 
Rootrot, occurrence of, in Panax quinquefo- 


Ee ee eT Te ee e+. 181-182 
Rosa— 
blanda, host plant of Comandra umbellata... 
canina, host plant of Comandra umbellata... 
Rosenbaum, J. (paper), Pathogenicity and 
Identity of Sclerotinia libertiana and Sclero- 
tinia smilacina on Ginseng 
Rosenbaum, J., and Zinnsmeister, C. L. (pa- 
per), Alternaria panax, the Cause of a Root- 
rot of Ginseng 
Rot— 
brown, varietal resistance of plums to ... 365-396 
dry, caused by Fusarium spp 
field and storage, occurrence of, in Solanum 
Ty ee 
heart— 
honeycomb— 


134 
134 


181-182 


ceccceseses 187-201 


distribution of......... Were eee | 


occurrence of, in Quercus spp.. 
resemblance to other rots........... + 4247425 
pocketed. See Honeycomb heartrot. 
jelly-end, caused by Fusarium radicicola. 194-195 
ripe, occurrence of, in Prunus spp -..... 388-389 
root, occurrence of, in Panax quinquefolium. 181- 
182 
white, occurrence of, in Panax quinque- 
Solium 291-204 
Rubus— 
canadensis, host plant of Comandra wmbel- 


procumbens, host plant of Comandra um- 
bellata 
villosus, host plant of Comandra umbellata.. 
Rumax acetosa, host plant of Peronospora 
IEE sisinn ubince's end en enwx cae nnes 
Rust, timothy. See Puccinia phleipratense. 
Rye. See Secale cereale. 


134 


Salt, alkali, in soils, effect of, on germination 
and growth of crops............scccccees ne 

Sawfly leaf miner. See Profenusa collaris. 

Scale, automatic transpiration, description 


I-53 


II7~132 








Sclerotinia— 
cinerea— 
effect of low temperature on........... 
parasite of Prunus spp 
toxicity of fruit acids to........cccccscssses 
Jructigena, parasite of Prunus spp.........+ 
laxa, parasite of Prunus spp........++- 
libertiana— 
identity of + 291-298 
pathogenicity of.......... coeneeteesons MD 
smilacina— 
ee Seeceseaes sees 2917-298 
pathogenicity of........./. — 
spp.— 
parasite of Malus spp 
pathological relations of.......... epee 3747-390 
physiological relations 
relation of tannin content of, to resistance 
of Prunus. spp 
taxonomy of 
Scurf of ]pomoea batatas— 
appearance of 
injury caused by 
occurrence of 
distribution Of ..i...ccccvsses “ee 
Secale cereale— 
host plant of Puccinia phleipratensis..... 211-212 
occurrence of manganese in........ svessece’ OH 
| rer er ere seeees 602-607 
Seed— 
effect of green manures on germination of.. 1161- 
1165 
1174 


Page 


«ae 
seeeeseesees 3057306 
388 
366 
+ 365-366 


291-298 


oil, relation of green manure to injury of.... 
Separation of Soil Protozoa (paper) 
Serious Disease in Forest Nurseries Caused 
by Peridermium filamentosum, A (pa- 


Shantz, H. L., and Briggs, L. J. (paper)— 

An Automatic Transpiration Scale of 
Large Capacity for Use with Freely Ex- 
CUD FOB... 60655. c id eendveces ee 117-132 

Hourly Transpiration Rate on Clear Days 
as Determined by Cyclic Environmental 
Factors 

Shedd, O. M. (paper), Variations in Mineral 

Composition of Sap, Leaves, and Stems of 

the Wild-Grape Vine and Sugar-Maple 

- 5297-542 
Sisymbrium officinale, host plant of Cystopus 
BNNs ve ccccvenassnceensdpennes bagasse 63 
Smilacina racemosa, results of inoculation 
with Sclerotinia smilacina .......0000000++ 2957296 
Smith, E. F., and Bryan, M. K. (paper), 
Angular Leafspot of Cucumbers......... 465-476 
Sodium— 

effect of, on milk flow............ 562-563, 565-566 

arsenite, effect of, on plant growth 

salts, effect of, on plant growth 

Soil— 

arid, nitrogen content of humus of 

bacteria— 
effect of calcium sulphate on 
effect of sulphur on... 
factors influencing longevity of 
non-spore-forming 
relation of, to crop-producing power... 
slime-forming 

moisture, description of apparatus for de- 
termining translocation of 142-144 


5, 10, sf 


855-869 
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Soil—Continued. 
conditions, effect of, on protozoa 
effect of— 
alkali salts in, on germination and growth 


Page 
479-485 


Vigna sinensis on properties of 
heterogeneity of, in variety tests, method 
of correcting for............. cuwasens 103971050 
North Carolina— 
mineralogical composition of 
relation of petrography of, to fertilizer re- 
quirements 
yields of Gossypium spp. on... 
Utah, analysis of............. wana err 
protozoa— 
ME Ma tni dite redaceceecden Reuwatece 
separation of aN 
properties of, influence of growth of Vigna 
sinensis on 
type of, effect on germination 
Soil Tempcratures as Influenced by Cultural 
Methods (paper)... 173-179 
Soilstain— 
causal organism of 
effect of, on Jpomoea batatas 
factors favorable to development of 
symptomis of............. 
Soilstain, or Scurf, of the S 
CODON, 6a veincvaséstscces 
Soja max. See Glycine. 
Solanum— 
jasminoides, host plant of Leptinotarsa de- 


eet Potato 
+++ 995~TO02 


tuberosum— 
absorption of boron by 
analysis of 
growth of mycelium of Phytophthora in- 
Sestans in 
hibernation of Phytophthora infestans in, 71-102 
host plant of— 
Fusarium spp 
Leptinotarsa decemlineata 
Phytophthora infestans... 
Rhizopus nigricans 
Sporotrichum flavissimum 
Verticillium albo-atrum 
infection of, by conidia of Phytophthora 
infestans 
inoculation of, with Fusarium spp 201-203 
relation of progeny of, to Phytophthora in- 
festans in parent tuber 
translocation of mineral constituents of. 457-458 
Solar radiation, relation of, to transpiration. 631-634 
Solidago— 
bicolor, host plant of Comandra umbellata. . 
caesia, host of plant of Comandra umbellata. 
juncea, host plant of Comandra umbellata.. 
nemoralis, host plant of Comandra umbellata. 
speciosa, host plant of Comandra umbellata. 
Some Potato Tuber-Rots Caused by Species 
of Fusarium (paper)........... ccsenacede wee 
Sorghum. See Andropogon sorghum. 
Soybean. See Glycine. 
Species, new . 204, 466 
Sphaeropsis malorum, effect of low tempera- 
MN cia ou ue suave ceueseehekdcceanacccess 
Spinacia oleracea, host plant of Peronospora 
effusa. 
Spiraea salicifolia, host plant of Comandra 
umbellata..... VKehEveeeenen aR peamihuckwatt 


183-203 


59, 66, 67, 71-102, 183 


134 
134 
134 
134 
134 


652 








Spore, resting, of Phytophthora infestans 
Sporotrichum flavissimum, parasite of Sola- 
num tuberosum 
Spray— 
advantage of fimeness in............... 
advantage of uniformity in 
flat, advantages of 
production of 
variations in fineness of 


186, 201-203 


1179-11380 


II77-1179 
1180 


Stakman, E. C., and Jensen, L. (paper) Infec- 
tion Experiments with Timothy Rust... 

Star-apple. See Chrysophyllum cainto. 

Steenbock, H. (paper), Diuresis and Milk 


211-216 


Stellaria media, host plant of Peronospora 
Co ae errr meunseeenns 59, 67,68 
Stereum subpileatum— 
causal organism of honeycomb heartrot. . 
description of sporophore of 
distribution of. 
Stizolobium— 
deeringianum, effect of crossing on length of 


421-428 
426 
427-428 


495-420 
niveum, effect of crossing on length of pod. 405-420 
Stoma, movement of— 
factors influencing 1012-1029 
relation of, to infection by Cercospora beti- 
1011-1038 


See Beta vulgaris. 

effect of— 

on ammonification 

on carbon-dioxid evolution 
maple. See Acer Saccharum. 

Sulphur— 
effect of, on growth of plants............. 771-780 
compounds, relation of, to plant nutri- 
2337250 


1169-1170 


Sunflower. See Helianthus annuus. 
Surface, F. M., and Pearl, R. (paper), A 
Method of Correcting for Soil Heterogeneity 
in Variety Tests 103971050 
Surface floats, measurement of water velocity 
222-226 
Sweet potato. See /pomoea batatas. 
Sweet-Potato Scurf (paper) 
Swine— 
deviations per generation in size of litter 
i T150, 1154 
fertility in, nongenetic factors affecting. 1146-1148 
value of herdbook data 
individual evidences of segregation in. 1154-1155 
inheritance of fertility in 1145-1160 
litter frequency in 1149-1158 


Tannase, determination of, in Malus sylves- 


Taubenhaus, J. J. (paper), Soilstain, or Scurf, 
of the Sweet Potato 
Temperature— 
cold-storage, effect of, on Ceratitis capitata. 657-666 
effect of, on movement of water and vapor, 
and capillary moisture in soils......... 141-172 
effective, in insect development 1185-1198 
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Temperature—Continued. 
effect of, on germination of plants 
influence of, on growth of mycelium of Phy- 
tophthora infestans. .........cccccecesees : 77-80 
low effect of, on certain fungiand bacteria. 651-655 
relation of— 
to insect development 1183-1191 
to spread of mycelium of Phytophthora 
infestans in Solanum tuberosum 
soil— 
as influenced by cultural methods..... 1737179 
effect of different cultural methods.... 174-179 
Terminalia catappa, host fruit of Ceratitis cap- 


Page 


Thatcher, R. W. (paper), Enzyms of Apples 
and Their Relation to the Ripening 
I ia ic co nohcin'eg ake. wisi 0 sive. s deep 4 ae ea 103-116 
Thurberia thespesioides, host plant of Antho- 


nomus grandis 
Timothy rust. See Puccinia phleipratensis. 
Tomato. See Lycopersicon esculentum. 
Tottingham, W. E., and Hart, E. B. (paper), 
Relation of Sulphur Compounds to Plant 
Nutrition 2337-250 
Tower, Daniel G. (paper), Biology of Apan- 
I 69s.5h 5G 5icasvapsarndausectes 495-508 
Translocation of Mineral Constituents of 
Seeds and Tubers of Certain Plants During 
Growth (paper) 4497458 
Transpiration— 
plant, measurement of 
relation of— 
to environmental factors 
to evaporation 
to solar radiation 
graphs, comparison of 
rate, hourly, on clear days as determined 
by cyclic environmental factors 
scale, automatic, for use with freely ex- 
posed plants 117-132 
Tremella koreaense. Gymnosporan- 
gium koreaense. 
Trichinae. See Trichinella spiralis. 
Trichinella spiralis— 
effect of— 
artificial digestion upon 
refrigeration upon larve of 
refrigeration upon vitality of 
variations in vitality of 
Trichogramma minutum, parasite of Profenusa 
PTE Gciuiwsascucracivesnseaes cheheania’ 526-527 
Trifolium— 
pratense, effect of sulphur on growth of....  239- 
241, 778-779 


1189-1190 


Syn. 


spp.— 
effect of—- 
on ammonification. 
on carbon-dioxid evolution 
on germination of various seeds... . 
Triticum— 
aestivum, effect of alkali salts on growth of.. 
dicoccum, occurrence of manganese in 
sativum— 
composition of seeds of 
effect of green manure on germination of. 
spp.— 
absorption of boron by....... shbenetes 880, 883 


1169-1170 
1161-1166 


4qr711 


1163 





Triticum—Continued. 
spp.—Continued. 
method of correcting for yield of 


Page 


1044-1045 
occurrence of— 


iron in 
manganese in 
resistance of, to alkali 
vulgare, inoculation of, with Puccinia phlei- 
21I-212 

‘Tuber-rot, occurrence of, Solanum tuberosum 183-210 

Tumors in domestic fowl— 
frequency of occurrence of 
structure and location of 

Turmeric. See Curcuma longa. 

Turner, W. F., and Baker, A. C. (paper), 
Morphology and Biology of the Green 
PTO eaiicnicescccccsivesade eee 955-994 

Two New Hosts for Peridermium pyriforme 
(paper) , 


Urea, effect of, on milk flow 


Vaccinium— 
atrococcum, host plant of Comandra um- 
bellata 
nigrum, host plant of Comandra umbellata.. 134 
vacillans, host plant of Comandraumbellata. 134 
Valleau, W. D. (paper), Varietal Resistance 
of Plums to Brown-Rot 
Vapor, water, effect of temperature on move- 
CGE WEI oo visa ec daleeescteRSncies 141-172 
Variations in Mineral Composition of Sap, 
Leaves, and Stems of the Wild-Grape Vine 
and Sugar-Maple Tree (paper) 
Varietal Resistance of Plums to Brown-Rot 


Variety tests, a method of correcting for soil 
heterogeneity in 1039-1050 
Veal, immature— 
comparison with mature beef 
digestibility of 
Vedder, E. B., and Rommel, G. M. (paper), 
Beriberi and Cottonseed Poisoning in Pigs 489-493 
Velvet bean, Fiorida. See Stizolobium deer- 
ingianum. 
Venturia inequalis, effect of low temperature 


Veronica lederaefolia, host plant of Perono- 
Spora grisea 
Verticals, effect of varying numbers of, on 
the accuracy of current meter gaugings.. 226-232 
Verticillium albo-atrum, parasite of Solanum 
tuberosum 186, 201-203 
Vicia sepium, host plant of Peronospora 
viciae 59, 64, 65,67 
Vigna sinensis— 
absorption of boron by 
effect of growth of, upon soil 
influence of growth of, upon properties of 


Vitis— 
cordifolia— 
composition of— 
leaves... 536-538 
536-538 
variations in mineral composition of... 529-542 
vinifera, host plant of Plasmopora viticola. . 67 
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Water maple. See Acer saccharinum. Page 
Water vapor in soils, effect of temperature on 
movement of 
Weed, fate and effect of arsenic on 
Weekly publication, announcement of 
Weir, J. R., and Hubert, E. E. (paper), A 
Serious Disease in Forest Nurseries Caused 
by Peridermium filamentosum 781-785 
Weir— 
box— 
effect of— 
shape on discharge of 
size on discharge of...... svicgdesbeueds 1129 
discharge formula for............ senses 1135-1136 
new irrigation 1127-1143 
advantages of 
construction of II4I-1143 
discharge from 1137-1139 
experimental and computed discharges 
II3Q~“1141 
TI4I-1143 
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